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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Washington, D. C., February 1, 1896.

Sir: I have the honor to transmit herewith the manuscript of a
report upon the geology of the Castle Mountain mining district of
Montana, by Prof. L. V. Pirsson and myself. It has been prepared for
publication as a bulletin of the Survey.

Very respectfully,
WALTER HARVEY WEED,
Geologist.
Hon. CHARLES D. WALCOTT,
Director United States Geological Survey.
11






PREFACE.

This memoir is a general study of the region described, and not a
detailed report. The field work upon which it is based formed a part.
of the work of mapping the areal geology of the Little Belt Mountains
sheet of the Geological Survey. The topographic map, made in 1882
by the Northern Transcontinental Survey, is too small in scale and too
general in character to warrant more detailed work; but as the facts
obtained are of interest, and the region is one of economic importance,
it has been considered worthy of a special treatnent.

The cessation of mining and consequent inaccessibility of the mine
workings prevented any underground study of the ore deposits, so that,
with the exception of those concerning the Cumberland mine, the facts
given have been derived from a study of the surface alone.
~ The field work was done during the summers of 1892 and 1893,
Professor Pirsson accompanying the writer during the latter year and
studying the field relations of the rocks with him. The authors wish
to acknowledge their joint indebtedness to the Sheffield Scientific
School of Yale University. The petrographical and chemical investi-
gation of the igneous rocks was carried on in the mineralogical-petro-
graphical laboratory of the Sheffield School, and the authors’ cordial
thanks are due for the facilities-and many courtesies extended to them
during the progress of the work.

W. H. W.
’ 13






GEOLOGY OF THE. CASTLE MOUNTAIN MINING
DISTRICT, MONTANA.

By W. H. WEED AND L. V. PIRSSON.

/ CHAPTER L

° INTRODUCTION.

° GEOGRAPHY,

In the State of Montana the Yellowstone River on the south and
the encircling Missouri on the west and north inclose a part of the
Rocky Mountain region that is formed of two main chains of moun-
tains long known as the Big Belt and the Little Belt ranges. These
ranges have a general north-and-south trend; the Big Belt lies to the
westward, and is separated from the Little Belt Range by the broad,
intermontane valley of Smith River. The area whose geology is de-
scribed in the present bulletin is a portion of this region, and all parts
of it are more than 5,000 feet above sea level. (See fig. 1, p. 16, show-
ing location of district.) Within it lies Castle Mountain, a flat-topped
elevation, whose crown of ruin-like crags, rising above the black pine

- forests that cover its summit, at once suggests its name. This moun-
tain mass is a distinct geographic unit, not being directly connected
with either of the above ranges. On the south it is separated from the
broad valley of the Yellowstone by that imposing group of lofty peaks
known as the Crazy Mountains; northward the dark, pine-clad plateaus
of the Little Belt Range rise against the sky. It thus forms a distinct
link in the chain that-defines the eastern limit of the Rocky Mountain
cordillera, from the base of which the Great Plains sweep in unbroken
continuity to the prairies of Dakota.

Two rivers, branches of the. Missouri, have their sources partly in
its springs and snow banks. Omne of them is Smith River, the two
branches of which encompass it on the west and north, The stream
formed by their union runs northward between the two Belt ranges,
until, passing through a deeply cut gorge, it enters the open plains
country and flows into the Missouri above Great Falls. The other

15



16 THE CASTLE MOUNTAIN MINING DISTRICT. [BULL. 139.

stream, the Musselshell, whose forks inclose the mountain on the east -
and south, flows several hundred miles through the arid wastes of the
broken plains country, and joins the Missouri above its confluence with
the Yellowstone.

The area represented by the accompanying map (Pl I), which
includes Castle Mountain and parts of the adjacent valleys, is limited
by the meridians 110° 15’ and 111° and the parallels 46° 20’ and 46°
26/, and is in Meagher County, Mont.

There are few areas of equal size in the Rocky Mountain region
which present so wide a range of rock formations, An uplift, involv-
ing the entire series of stratified rocks known in the northern Rocky
Mountain district, has been the site of a volcano which subsequent ero-
sion has thoroughly dissected, exposing a variety of intrusive igneous

Fic. 1.—Index map showing location of Castle Mountain district in Montana.

rocks with associated lava flows and fragmental deposits, together with
the various stratified rocks that formed the foundation of the mass. As
the mountain is thus of great geological interest, and contains, more-
over, important deposits of silver-lead ores that have made its name
familiar to the mining world during the past few years, it was made
the object of especial study in the work of mapping the areal geology
of the Little Belt Mountains atlas sheet of the United States Geolog-
ical Survey. The small scale of the map and the general character of
the topography did -not, however, permit a closely accurate outlining
of the geology, and this bulletin should be regarded as a general
description rather than as a detailed study of the mining district.

By reason of its geographical position at the head of the arid Smith
Valley, the mountain acts as a condenser for the moisture gathered
farther westward, Snowstorms are frequent as late in the season as
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PTRSSON, GEOGRAPHY. 17

June, and as early as September, and the annual snowfall is heavy.
" Through the brief, hot summer that scorches the adjacent valleys the
mountain summit is the focus of many violent thunderstorms, and in
consequence of the moisture from them the slopes are bright with
verdure.

The ore deposits of Castle Mountain made its name well known in
the Northwest. Their discovery brought into a region previously
devoted solely to stock raising the feverish activity of mining enter-
prise, which was succeeded, however, on the cessation of silver pro-
duection, by the present period of inaction. The most important town
within the limits of the map is White Sulphur Springs, the county
seat of Meagher County. It is a thrifty, pleasing little city of 2,500
inhabitants, and owes its name and location to the hot springs at the
western base of the mountain. It is one of the oldest towns of the
State, and is as yet without direct railroad communication, though
numerous stage lines radiate from it in every.direction, taking daily
mails to Townsend, on the Northern Pacific Railroad, 40 miles distant,
and to Neihart, the terminus of a branch line of the Great Northern.
The mining settlements of Castle, Robinson, and Blackhawk, situated
on the flanks of the mountain, as shown on the map, were for a while
very active, important places, but they were wholly dependent upon
the mining industry, and consequently they are now nearly deserted.
The completion of a railroad now under construction from Toston, on
the Northern Pacific Railroad, will bring these towns in direct com-
munication with the mining and smelting centers of the West. Good
wagon roads also afford direct communication with Livingston to the
" south, White Sulphur Springs to the west, and Martinsdale to the east.
The high elevation of the surrounding country and the rigorous climate
are not favorable, however, for agriculture, and the ranches now found
in the district are devoted to. the ralsmg, of hay for winter feed of
sheep and cattle.

PREVIOUS EXPLORATION.

The pioneer explorers of the Northwest, Lewis and Clarke, named
upon their map both Smith River and the Musselshell, but their routes
were north and south of this region. In 1853 Lieutenant Mullan, of
the Pacific Railway exploring expedition, followed up the north fork
of the Musselshell to the head waters of Smith River, and passed down
that stream to the westward. Captain Clift, in his exploratory march
across Montana in 1869, also followed this route, which forms a natural
highway from the mountain region to the plains country eastward. In
1873 Captain Ludlow, accompanied by Messrs. G. B. Grinnell and E.
S. Dana as geologists, followed the same route, which afterwards
became a part of the stage route from Carroll, the head of steamboat
navigation on the Missouri, to Helena. These geologists noted the
salient features of the geological structure and the character of the

Bull. 139——2



18 THE CASTLE MOUNTAIN MINING DISTRICT. [BULL 139,

rocks along the north forks of Musselshell and Smith rivers, and
recognized the eruptive nature of the mountain mass, whose picturesque
crags and towers form so prominent a feature, as seen from White Sul-
phur Springs. These observers passed up the south fork of Smith
River on their way to the Yellowstone Park, and returning followed
down the south branch of the Musselshell. In their report! they give
brief notes of the geology along their route.

In 1880-81 the geologists of the Northern Transcontinental Survey,
organized by the Northern Pacific Railroad for an economic survey of
the territory tributary to the railroad, examined the country adjacent
to Castle Mountain in their search for coal. In the only published
reports of this organization® the mountain is not mentioned, but its
geological nature is indicated upon the accompanying maps, and Mr.
G. H. Eldridge gives a section of the rocks exposed at the east end of
the mountain.? Mr. J. E. Wolff, then of the same survey, in his paper
on the Crazy Mountains,* mentions the general structure of the moun-
tain and the eruptive character of Black Butte, an outlying elevation,
That veteran geologist and keen observer, the late Prof. J. S. Newberry,
described the rocks about White Sulphur Springs,® but did not visit
Castle Mountain itself. .

It is apparent that in the hurried trips of these earlier explorers
through the circumjacent valleys the interesting character of Castle
Mountain was only surmised. Although the country about it was
sparsely settled by sheep and cattle ranchmen, the mountain was
visited only to procure necessary timber or firewood. Prospectors,
attracted by the Copperopolis veins, may have visited its slopes and
explored its gorges, but it was not until the discovery of the rich ore
body of the Cumberland mine, above the town of Castle, that the moun-
tain itself attracted any attention. An immediate rush for the ¢ new
Leadville,” as it was fondly called, followed this discovery. Sheep
herders, ranchers, nearly every one from the surrounding valleys, took
up claims and built cabins upon the mountain slopes. Roads were cut
through the forest and graded across steep gulches, and labor and
money were lavishly spent while the ¢ boom ” lasted.

The future of the district is dependent upon the price of silver;
under conditions prevailing during 1893 and 1894 the mines could not
be profitably worked, and the mountain towns were deserted for more
promising localities. ' '

TReconnoissance from Carroll, Mont., to Yellowstono Park, U.S. War Dept., Washington, 1876.

?Coal fields of the Northwest: Tenth Census, Vol. XV,

3Ibid., p..740.

4Notes on the Petrography of the Crazy Mountains and Other Localities in Montana, Heidelberg,
Germany, 1883, p.3. .

5Notes on tho geology and botany of country adjacent to Northern Pacific Railroad: Annals N. Y.
Acad. of Seci., Vol. IIT, No. 8, p. 242. See also Am. Jour. Sci.;3d ser., Vol. XLI, 1891, p. 191.



CHAPTER II.
TOPOGRAPHY.

THE MOUNTAIN.

Castle Mountain is an elevated mass rising to a height of 8,600 feet
above sea level, its highest point being 3,600 feet above the neigh-
boring valleys. Seen from the lower valleys, it is a broad, flat-topped
mountain mass, its upper slopes densely wooded, with castellated
masses of granite rising above the pines. Though lacking in bold,
jagged peaks, this mountain presents a pleasing type of scenery, while
from its slopes the views of neighboring ranges are very impressive.
The deep gorges that score the mountain and the upland parks and
summit meadows are extremely picturesque.

The valley drained by the forks of the Musselshell and the Smith
‘rivers sharply defines the mountain as a single mass. It consists of a
main and higher western portion joined by a trenched plateau with an
eastern limestone ridge, which rises abruptly from the prairie terrace
between the forks of the Musselshell. In rude outline, as defined by
the surrounding valleys, the whole mass has the shape of a dumb-bell.

The main summit, whose highest point is designated Elk Pealk on
the map, is a thickly timbered, nearly level area, defined by slopes
sinking abruptly to lower mountain benches, or by the walls of sharply
incised mountain amphitheaters, in whose snow banks the largest
streams have their sources. Radiating from the summit, the streams
have cut deep mountain gorges, the ridges between being flat-topped.
These flat summits are very characteristic of the mountain top.” Alpine
benches,.ice-swept upland terraces, and moraine terraces are every-
where prominent. '

In the eastern part of the mountain—formed of the extended ridge
previously mentioned—the heavily bedded Paleozoic limestones domi-
nate the topography. In them the streams have cut narrow gorges
with .pinnacled walls, which contrast sharply with the gentle valley
slopes, where the rocks are shales or Mesozoic sandstones. The larger
topographic features of this eastern part of the mountain are of struec-
tural origin.

The whole mountain is very generally outlined by the boundary of.
the Cretaceous rocks or the soft shales of the Algonkian. Where -

the readily eroded beds of these periods occur, unaltered by local
i 19



20 THE CASTLE MOUNTAIN MINING DISTRICT. [BULL. 139,

metamorphism, the slopes are abrupt down to the low-lying basins
cut in them. The details of topographic configuration are very largely
dependent upon the nature of the rocks, whose great diversity produces
widely differing types of scenery. The gently contoured dark slopes of
Algonkian slate are thus in great contrast to the cliffs or towering
ledges of light Carboniferous limestone, the great débris slopes of
porphyry, or the low relief of Cretaceous shale. Upon the mountain
flanks outward-dipping beds have in a few places been eroded into
the revet hills, or hogback ridges, so common along the foothills
of the Rocky Mountains.” Volcanic dikes or sheets, when intruded
into the readily eroded Cretaceous strata, are generally conspicuous,
either as impesing walls of rock or as sharp.comb ridges. (See Pl. IL)
West of the mountain the slopes end abruptly on the broad, very gently
sloping surface of the valley of South Smith River, once a lake bottom,
but now an arid flat, with scanty vegetation. Copperopolis Valley, as
seen from Volcano Butte, a prominent hill in its center, has a nearly
level floor formed by a basaltic lava flow.

STREAMS.

A glance at the map of Castle Mountain shows that the area is drained
by numerous streams, head-water branches of the Musselshell and
Smith rivers. These streams, with féw exceptions, have their sources
in clear and cold springs, high up on the flanks of the mountain. When
reenforced by the melting snows of early summer they flow down as
impetuous torrents, sink from sight béneath the gravel beds of their
lower courses or in the underground channels of the limestone areas,
and often reappear as enfeebled creeks, whose murky currents, meander-
ing across the level lower valleys, are in marked contra,st to the spark-
ling waters of the mountain area.

The larger streams, Warm Spring Creek on the south and Willow and
Fourmile creeks on the north, head in amphitheaters cut back to the
highest summits of the mountain. All these flow in V-shaped gorges,
whose varying scenery depends upon the nature of the rocks cut by
them. The west slopes of the mountain are drained by small brooks,
of which only Cottonwood has cut any distance into the mountain., It
is the only creek which sends its water over the valley plain. ’

"T'o the east, the sharp limestone ridge forming the end of the mountain
is scored by small normally dry dralns debouchmg upon the Cretaceous
plain.

The Musselshell heads in an amphitheater south of Elk Peak.' The
creek is there known as Warm Spring, the constant temperature of its
tributary springs melting the snow banks of thé valley. Flowingin a
gorge whose stream bed is 1,000 feet below the mountain benches on
either side, with heavily. wooded spring-wetted bottom, this stream
passes into a broader valley cut in Cretaceous rock, and then enters a
shallow canyon with walls of 25 to 75 feet of soft sandstone or shale.
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prrbeiy ' : STREAMS. 21

Joined by Bozeman Creek and other small streams, it turns eastward,
and becomes the South Fork of the Musselshell. Alibaugh and its
branches—Hamilton, Hensley, and Robinson creeks—are similar in
character, and flow over bowlder-choked channels through old glacial
moraines to unite with the Musselshell.

Bonanza Creek, heading in the beautifal mountain park near Black
hawk, cuts an lmpassable canyon through igneous rocks and white
Paleozoic limestone, and reaching Mesozoic shales turns abruptly to
the south and enters a broad basin, where its waters are taken for
irrigation by the ranchmen of the valley..

The largest branch of the North Musselshell comes from the slopes
of the Little Bélt Range north of Castle. Mountain, though Flagstaff
Creek, whose head-water branches have cut picturesque canyons in the
heavily bedded Paleozoic limestones of the eastern part of the mountain,
is an-important tributary. Checkerboard Creek, heading in the springs
near Blackhawk and the gorges cut far back toward the mountain sum-.
mit, is the largest tributary of the North Musselshell. A noticeable
peculiarity of this stream, explained later, is its abrupt bend to the
east, cutting a deep cliff back of Copperopolis Hill, instead of crossing
the low, easily eroded country to the north to join Smith River.

Smith River is a considerable streamn, whose chief tributaries are
Fourmile and Willow creeks. The first of these is one whose waters
. join the river only in time of flood. Near its sources the streams form-
-ing the creek carry considerable water and flow impetuously over rocky

channels, whose deep pools contain an abundance of trout. Tts westerly
branches head in copious springs issuing from the lower parts of drain-
age valleys devoid of stream channels since the disappearance of the
ice sheets that once covered the mountain,

South Smith River has a small and sluggish current of turbid water.
It heads in a basin on the south flank of the mountain and meanders
through the level valley plain to join the northern fork below White

Sulphur Springs. :



CHAPTER III.

STRUCTURAL GEOLOGY AND GEOLOGICAL HISTORY OF
CASTLE MOUNTAIN.

GENERAL GEOLOGICAL STRUCTURE

Castle Mountain is a d1ssected voleano. Degra,d(mtlon has laid bare
its structure, yet has not entirely removed the surface rocks that are
the peculiar products of volcanic activity. The geological map (P1. III)
shows clearly that the great granite mass that forms the mountain
summit, and also the smaller body of diorite to the east, breaks through
folded sedimentary rocks. On the northern flanks of the mountain
remnants of lava flows and of fragmental deposits, and to the south
morainal débris, partly obscure the structure of the sedimentary rocks.

The mountain forms a part of the Rocky Mountain front, and its
larger structural features belong to the general system of plications
that characterize the outer margin of the cordillera region. The east-
ern part of the cordillera is in Montana formed of two main areas of .
uplift with minor folds between them. The first or southern region
composes the Beartooth and Snowy ranges, and extends northward
from Wyoming, forming the mountainous tract north of the Yellow-
stone Park. Itisa broad anticlinal uplift, having a nucleus of Archean
rocks, generally denuded of their former covering of Paleozoic strata
and modified by faulting. The second area lies to the northwest of
the first, and is formed by the broad anticlinal folds of the Belt ranges,
whose nucleal core is made of a group of Algonkian rocks that do not
oceur in the southern ranges.

About the margins of both these areas of uplift the Paleozoic and
Mesozoic rocks are plicated in a series of minor undulations presenting
varying features of interest.! Castle Mountain occurs on the border of
this second great area of uplift, its folds forming the geologlcal con-
nections between the two Belt Mountain anticlines.

In its general structural features Castle Mountain is a part of the
great anticlinal folds of the Belt ranges. The Algonkian (Belt) area
of its western slopes (and the vicinity of White Sulphur Springs) is
part of the eastern end of the Big Belt anticline. The anticline that
forms the southwestern portion of the mountain is one of the small
sharp folds that mark the dying away of this greater fold. The north-
ern part of the mountain is clearly part of the broad anticlinal area of

1See Livingston folio, showing échelon folds of this vicinity: Geologic Atlas of the United States,
folio 1, United States Geological Survey, Washington, D. C., 1894.
22
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the Little Belt Range, laid bare by erosion, exposing the nucleal rocks
of Belt age in Volcano Valley, a minor transverse fold forming the
eastern part of the mountain mass.

PROMINENT ANTICLINES.

An inspection of the geological map (Pl. III), shows that there
are two prominent anticlines, on the east and west sides of the moun-
tain respectively, inclosing the main mountainous area between them.
The axes of these anticlines have a general northwest and southeast
direction, and pitch to the southeast, where the sharply folded Paleo-
zoic limestones dip steeply beneath a great thickness of Livingston
beds. Between these two dominant anticlines the sedimentary rocks
show several minor folds, some of which are broken by the intrusive -
rocks. The anticline forming the eastern part of the mountain is
typical of the Belt Mountain region. It is a normal fold that forms a
lateral offshoot of the Little Belt anticline. The structure is simple,
and by itself offers no feature of especial interest. Volcano Valley
has been eroded in the Belt shales that form the nucleus of this fold,
while the heavy limestone series constituting the resistant member of
the plicated beds dips away on either side and forms the sharp plung-
ing point of the anticlines. This fold, as seen in horizontal projection,
is V-shaped, rapidly widening to the north, and as the tilted axis rises
northward the fold is faulted along the foot slopes of the Little Belt
Range. The core of Belt shale is encircled by the Paleozoic limestones,
that extend along the northern flanks of Castle Mountain from the
Musselshell Canyon (Hall’s) to near White Sulphur Springs. The rela-
tions of this fold to the Little Belt Range are clearly shown in Sections
C-D and E-F, PL. IV. The northern side (or limb) of the anticline is
seen to be faulted at the base of the Little Belt Range, the fault dying -
out to the southeast in the normal fold.

The second of the two larger anticlines of the district is abruptly
cut off by the granite intrusion of Elk Peak. This fold forms the
western flanks of Castle Mountain, and its southern extension is dis-
sected by the branches of Warm- Spring Creek. While the Miocene
lake beds very generally conceal the Paleozoic rocks southeast of the
Castle Mountain area, and thus obscure the relations of this fold to
the Big Belt Range, it is quite clear from the studies made in the field
that the fold is one of the lesser plications that form the southeastern
end of the Big Belt anticline. This Warm Spring Creek anticline is
overturned to the east. The granite intrusion that forms the mountain .
summit replaces the northern part of the fold, leaving only the extreme
southern end intact. Its relations to the granite are clearly shown in
Sections A-B and E-F, P1. IV. The overturned structure of the end
of the fold is shown in the folded beds cut by Warm Spring Creek.
North of the granite area this fold, whose continuity has been destroyed
by volcanic agencies, is clearly continued in the Willow Creek fault.
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MINOR FOLDS,

Between the two larger anticlines already noted the sedimentary
beds are flexed in several minor folds, whose axes are in general parallel
to the major plications.” Thus a narrow synclinal basin about the forks
of Flagstaft Creek separates the flanks of the larger fold to the east
from a sharp and narrow anticline to the west, through which the forks
of Flagstaff have cut narrow gorges that display excellent sections of
the appressed fold. This plication fades out to the northwest, passing
into the flanks of the Volcano Valley fold before reaching the canyon
of Checkerboard Creek. Its summit beds form the high upland lying
between the eastern ridge and the main mountain mass of Castle Moun-
tain, the higher limestounes being flat and forming grassy plateau sum-

‘mits. In the stream gorges cut across this fold the dependence of the

Fig. 2.—Fold and fault expgsed on Flagstaff Creek.

character of the fold upon the nature and material of the beds is strik-
ingly shown; the contrast is especially marked between the massive
limestones and the softer Mesozoic shales and sandstones.

Northeast of the granite mass of Castle Mountain an area of Belt
shales, largely metamorphosed and altered by intruded sheets of por-
plfyry, represents the nucleus of another anticlinal fold. This fold is,
however, largely destroyed. It is broken by the diorite intrusion along
its eastern flanks, and its western half is entirely destroyed by the
granite stock. Only upon the northeastern flank do the imbricated
beds of limestone that dip away from the central core of Cambrian

-shales maintain their unaltered position and character. Between Rob-

inson and Castle a portion of the eastern flank of this fold still remains,
the rocks being those in which the ore deposits of this vicinity are
found. Below Blackhawk, Bonanza Creek cuts a small anticling and
exposes a core of Carboniferous limestone, with a strike fault along the
western side, the section being shown in the accompanying diagram,
fig. 2. ‘
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PIRSSON.

The southeastern portion of the map (PL I) shows a broad valley
basin inclosed between Castle Mountain and the slopes of the Crazy
Mountains, This valley area is eroded in the later Cretaceous rocks
which occupy the center of a broad synclinal
basin. To the north the syncline forms the
highland meadows east of Blackhawlk, and
only the earlier members of the Cretaceons—
the Benton and Dakota—remain, In the main
synecline, however, these beds are seen only
about the borders of the basin, the center
being occupied by Livingston beds, showing
numerous minor plications. The accompany-
ing diagram (fig. 3) shows these minor foldings
along the Musselshell from Warm Spring to
Alibaugh creeks. _

Only the extreme point of the long syncline
between the Crazy Mountains and the Bridger-
Sixteenmile uplifts comes within the limits of
the map. This is eroded into the valley in
which the South Fork of Smith River takes
its head, the beds forming the prow of a typical
“canoe” fold. , :

Southwest of Elk Peak, the culminating
point of the Castle Mountain mass, the lower
slopes and valley bench-land are underlain
by folded Paleozoic beds. The accompanying
diagram (fig. 4) shows the section across these
~ beds. The erosion of the valley of Smith
River shows another flexure of which Black
Butte is the southwest flank. :

But one other fold remains to be noted.
This is the shallow syncline whose present
surface shows Benton shales, and forms a shal-
low basin defined by Dakota quartzite that
lies between Fourmile and Willow creeks.
The general trend of the axis conforms to the
other folds, but a transverse puckering extends
the syncline eastward at right angles.

In these folded sedimentary strata the igne-
ous rocks occur as intrusive stocks, with apo-
physal sheets, and as dikes, filling fractures of
the folds. The central stock or core of granite
breaks across the Warm Spring fold and 'Wil-
low Creek fault. It appears to have had but .
little, if any, dynamic effect, the adjacent folds preserving their original
atitude, except on the northeast, where numerous intruded sheets have
caused a local thickening and uplift. "It does not seem probable that
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such a large body can extend downward with unaltered dimensions,
and it is shown in the cross sections as a laccolite-shaped mass.
Section C-D (PL. IV) cuts this granite mass transversely and shows
what is believed to be its relations to the rocks through which it breaks
and its connection with the surrounding sheets of porphyry.
The occurrence of the igneous rocks is so exhaustively treated in a
subsequent chapter that any further mention here of thelr relations is

‘unnecessary.
GEOLOGICAL HISTORY. -

The geological history of the Castle Mountain area embraces an
enormous period of time, extending from Algonkian to the present.
The history of Castle Mountain itself is much briefer, beginning with
the uplifts of the front ranges at the close of the Laramie epoch. The
history is therefore properly divisible into two great periods. The first
is the period during which the sedimentary rocks were formed; the sec-
ond, that in which these rocks were folded, faulted, eroded by streams
and atmospheric agencies, broken through by volecanic intrusions and
covered by fragmental volcanic rocks and tuffs, and later the whole
complex carved into its present form. )

.The history of the sedimentary rocks is that of the northern Rocky
Mountain area, of which the Castle Mountain region forms so small a
part. The earliest rocks, constituting the Belt formation, are shales,
impure limestones, and sandstones. They are all shallow-water or shore
deposits. The sandstones are sometimes ripple-marked and are of
littoral origin. The contrast in character of the sediments of the Belt
and all succeeding formations, together with the transgression of -the
sea at the beginning of Middle Cambrian time, shows a period of rest
between the Belt and Flathead epochs.

At the close of the Belt period, which was one of slow subsidence
and correlative deposition, the sea bottom rapidly sank and the ocean
waters transgressed the low-lying lands. This depression is indicated
by the Flathead quartzite, which is formed of Archean materials.
Together with the succeeding micaceous shale, the rocks indicate off-
shore deposits, entombing.in the ocean floor the forms of marine life
that then flourished and forming thin beds of limestone.

The conglomerates that occur in the Upper Cambrian sediments show

. shore conditions; the pebbles are of limestone, differing from any of
the beds of the Belt formation, but quite like those of the Flathead.
It must be inferred, therefore, that they were derived from uplifted and
exposed beds of Cambrlan age.

The limestones representing the period of time from later Cambrian
to the beginning of Carboniferous time show that this unstable con-
dition ‘of land and sea continued. Succeeding the quiet limestone-
making period, represented by the Jefferson, the arenaceous limestones,
carrying corals, show shoaling waters, in which the argillaceous lime-
stone beds of the Devonian were laid down.
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. With the earlier Carboniferous a period of regular marine sedimenta-
tion began, which went on uninterruptedly through a relatively long
period of limestone deposition, while the shore line retreated inland;
this was followed by elevation of the sea bottom during a period repre-
sented by the Quadrant formation, whose alternations of red gypsifer-
ous sands and argillaceous shales, with occasional lenticular beds of
pure limestone, show shallow reaches and inclosed basins along the
oceanic border. The fossils, indeed, indicate a fauna living in a sea
not favorable to its full growth and development.

Succeeding the Carboniferous, there was a gentle uplifting of parts
of the ocean floor. The total absence of Upper Carboniferous sedi-
ments, as shown by the St. Louis facies of the fossils of the highest

" Carboniferous beds found, together with the character of the rock

forming the upper part of the terrane, shows a period of nondeposition
at the close of Lower Carboniferous time. The conglomeratic character
of the base of the Jurassic and the comminuted shells clearly show ero-
sive processes, a conclusion confirmed by observations in neighboring
regions.

The lowest Cretaceous beds are sandstones and clays, which, with
the coal seam so constantly found at this horizon, indicate low-lying
marshy shores and extensive mud flats. The strata afford no record of
the long period of Lower Cretaceous time that intervened between the
deposition of the Kootanie and the Dakota beds. The succeeding
Dakota sandstones show the littoral deposits formed in the first part
of a continued subsidence during which depression and deposition
were nearly equal. The well-defined formations into which the Creta-
ceous is divisible in the plains country are here difficult to recognize.
The sediments were deposited near the Cretaceous shore-line, and the
epoch throughout was one of very slow and gradual subsidence in which
the deposition of sediments seems to have nearly kept pace with the
sinking of the sea bottom. The oscillations of level produced rapidly
alternating strata, whose history can be correctly read only when com-
pared with that of the sections farther from the shore. Gradually
shallowing seas followed, and at the beginning of the Laramie, sand-
stones and shales were laid down in estuarine areas. The lignite seams
of this formation, together with the occurrence of unios and gasteropods,
show fresh-water conditions.

At the close of the Laramie, the relatively quiet conditions prevailing
since early Paleozoic time came to an abrupt close. The Castle Moun-
tain area was then raised above the sea, and the sedimentary series
were folded in low and gentle undulations that were at once attacked
by erosive forces. At this time voleanic activity began at other points
on a large scale, furnishing the greater part of the material laid down
in the waters that laved the shores of the Rocky Mountain land. The
faunal evidence shows estuarine conditions still prevailing along the
margin of the newly made land, followed by a recession of the sea and
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the prevalence of fresh-water conditions. The period of time repre-
sented by.the Livingston formations must have been a long one, as
measured by the erosion of the folded Paleozoic rocks, but in this par-
ticular area the record is obscure. During the Livingston period
mountain-building progressed, and the cordillera area was fully devel-
oped. This orogenic movement was general and continued through
the succeeding Eocene period, resulting in the great folds and flexures
of the mountain ranges, upon whose flanks the lately deposited Liv-
ingston (and early Eocene—i. e., Fort Union) beds were upturned and
folded. At this time the volcanic forces breaking through the great
thickness of Livingston and Fort Union beds formed the intrusive
bosses of the Crazy Mountains, sending out a multitude of dikes and
sheets of igneous rock that penetrated the strata in every direction. A
few of these reached mnorthward as far as the southern part of the

Castle Mountain area. This period was in general, however, one of pro-

longed erosion, resulting in the carving out of the great intermontane

valley between the Belt ranges and the erosion of the Castle folds into

a rugged, broken country. These rocks, together with the sediments:

in which they are intruded, were flexed and upturned by the Kocene

crumpling. »

At the close of the Eocene, differential uplift ponded back the waters
of the Smith River,! which had previously flowed eastward down
Shields River to the Yellowstone, and formed Smith Lake. ~At. this
time volcanic activity began at Castle Mountain. Huge masses of
igneous matter were forced upward in the folded rocks, and the diorite
boss ot Blackhawk and Robinson was formed. ]

- Granitic magmas, forcing their way upward, injected sheets between
the more readily split shales and filled fractures in the harder rocks,
finally breaking through the anticlinal folds of the western part of the
area and forming a great boss or stock. This cuts the folds with so
little disturbance that it is evident no great amount of folding can be
ascribed to the intrusion itself, though its uprise may have been pre-
ceded by an uplifting and fracturing of the beds above it.. The intru-
sion is represented upon the geological cross sections (PL IV) as a
laccolitic mass intruded in the folded Algonkian shales. This shape
and the location of the conduit are purely theoretical, but -this theory
does not require the replacement of a great block of sedimentary beds,
but their simple uplifting. That no absorption of sedimentary rocis
took place is clearly evident, as the lack of endomorphic alteration
at the contact shows. It seems certain that violent explosive action
subsequently took place at this point and a large part of the sedi-
mentary cap was blown off, the adjacent country being thus cover..t
with the fine débris of stratified rocks, mixed with volcanic ash a.d

1Smith River, named in 1845 by Lewis and Clarke for the Secretary of the Interior under Jeflerson,
is the proper name for what is sometimes called Deep Creek. The latter is so common a name in the
‘West that it has no significance.” Indeed, the stage road from Castle to the railroad’ follows down &
“Deep Creek,” entering the Missouri near Townsend.
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dust. The extent of country covered by this mantle of débris is not
known, as it has been largely removed by erosion. It has been found
as far north as the low divide between Sheep and Newland creeks in
the Little Belt Range, 16 miles north of Castle Mountain. Upon the
immediate mountain slopes this material must have been of considera-
ble thickness. Remnaunts of it 400 feet thick still remain, but these
light and readily transported materials were rapidly washed down
from the mountain slopes and spurs and carried to Lake Smith, to form
the sediments that now fill the valley. Subsequent to this explosive
action the eruptions were quieter in character, consisting of great
overflows of lava from fissures in the mountain sides. These lava
flows streaming down the slopes filled up the hollows and cooled as
rhyolite and obsidian.

The last phase of volcanic activity of which there is positive proof is
that which resulted in the formation of the two small volcanoes north
of the mountain. Of these, Volcano Butte is a most perfect example,
its lava flows of basalt filling the valley bottom. The desiceation of
the Mioceue lake by the downcutting of Smith River followed these
volcanic eruptions, since which time erosive forces have been unceas-
ingly at work. A brief episode in the long period of time from later
Miocene to the present was the formation of glaciers upon the summit
of Castle Mountain, aiding somewhat in the degradation of the region
and scattering their bowlder drift over a considerable part of the
mountain,



CHAPTER IV.
STRATIFTED ROCKS.

The sedimentary rocks cover the greater part of the Castle Mountain
area, as will be seen by reference to the geological map (PL III), on
which their distribution is indicated. In the region shown by the
map the limestones, shales, and sandstones composing the sedimentary
series are warped and folded so that the beds are rarely horizontal.
Faulting has caused further modification, and the intrusion of the
igneous rocks of the old volcano has shattered the beds and produced
still further warping and disturbance; sheets and dikes have been
injected between the beds or in fissures across them, and have greatly
modified the physical character of the rocks themselves.

‘While the stratified series does not extend to the actual base of the
known sedimentary series, it includes a wide variety of sediments
representing the vast interval of time from Algonkian to Middle Mio-
cene. Few localities in the northern Rocky Mountains show so wide a
range of time represented by fossiliferous rocks.

The stratified rocks are divided into the usual systems, whose fossil
forms have been recognizable in this or the adjacent regions. Follow-

_ ing the general usage, these systems are subdivided into groups, to

which local names are given for a particular geologic province. Thus
in this paper the names used for the subdivisions of the various sys-
tems are those which -have been adopted for the geological maps and
reports on this part of Montana and for the Yellowstone National Park.
The following table shows these subdivisions:

Table of sediw'wntary JSormations of the Castle Mountain mining district.

MIOCENE.,
Smith Lake beds.
CRETACEOUS,
Livingston group.
Laramie group.
Montana group.
Fox Hills formation,
Pierre formation.
Colorado group.
Niobrara shaly limestones. -
Benton shales.
Dakota.
Kootanie.
30
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- . Feot
JURATRIAS . ccemstiiecnecceceaaccececrcososscnnccencccennancns 90
Ellis limestone.
CARBONIFEROUS - vucauecenccamcnscsoncnncnsnsnnoecnseannncnce 1,800
Quadrant group. '
Madison limestone.
DEVONIAN it ittt iiiaiscctereccesvaccnscncansesonneonns 145
Three Forks shales. ’
SILURIAN e iiie et iceeascaencccccececaconscsscnsonsnsnsonsns 715
- Jefferson limestone.
(079174252 V.. (g 2,475
" Gallatin limestone.
Flathead. . '
ALGONKIAN . . oo it teietcctoe caceasaaancecacacencncamnnnanea 3, 000
Belt group.

Erosion and corrasion acting upon the diverse rocks of the sedimen-
tary series have produced widely ranging topographic forms charac-
teristic of the rocks themselves, and resulted in strongly contrasted
scenery, emphasized by the vegetation, which reflects the various dif
ferences of soil. Into large areas of soft shale broad, open valleys are
cut, resistant quartzite forms sharp-crested wooded ridges, and the
heavy-bedded limestones make bold mountain ridges inclosing the shale
valleys, or are cut by streams into deep and narrow gorges.

ALGONKIAN.

The Paleozoic rocks of the Castle Mountain area show two distinct
and quite different series. The lowest of theseds a group of conform-
able strata, mainly argillaceous shales or slates, called the Belt forma-
tion, from its great development in the ranges of that name. This
group, of which a thickness of 8,000 feet or more is known in the
mountains adjacent to Castle, is clearly of sedimentary origin, and
includes sandstones and argillaceous limestone, but thus far the search
for fossil remains has not been successful. We believe it to be of
Algonkian age. .

Above the Belt group the Paleozoic is of quite different character;
the sediments are more modern in appearance, not metamorphosed or
altered except locally by igneous rocks, and carry fossils at various
horizons. .

As is clearly indicated upon the accompanying geological map (Pl
ITT), these Algonkian rocks cover the greater part of the area repre-
sented, and, as will be seen by an examination of the contours, the Belt
slates are largely confined to the valleys and footslopes, while the
overlying beds of this age define the higher area on the north, and,
together with the general mass of Paleozoic limestones, constitute the
main mountain mass. :
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BELT BEDS

The Belt group has been recowmzed in the Bndger Range and in the
vicinity of the three forks of the Missouri, where it has been provi-
sionally called Algonkian.! Both the character of the sediments and
their position beneath the beds of Middle Cambrian age indicate their
similarity to the Bow River beds of the Canadian geologists, in which
Lower Cambrian fossils are found. - It has; however, been decided to
. class the Belt beds as Algonkian.

The strata belonging to the'Belt formation, though generally argil-
laceous in character, include quite pure, dark-colored limestones and
beds of sandstone. The shales which form the predominant part of
the series and are its most prominent feature are generally gray in
color, rather well indurated, and sometimes break into slaty plates, so
that they are very generally called slates by the miners. P1. VI shows
the clift's of this series found in the canyon of Sixteenmile Cr eek, south
of the Castle district, and illustrates the usual character of the expo-
sures of the Belt beds throughout the district.

‘Within the Castle Mountain area the base of the Belt is not exposed,
and.the sandstones and conglomerates which compose the lower hori-
zons are not seen. The series presents no definite, well-marked litho-
logical horizons, but there is a general sequence as follows:

Red shales and slates, forming top of formation.
Sandy shales, with thin beds of ripple- marked sandstone.
", Pearl-gray sericitic shales.
Dark-gray, laminated, thin-bedded 11mestone
Alternating shales amd sandy beds. .

The rocks show a slight general metamorphism in their induration
and mineralogic nature, and in this respect differ in » marked degree
from the shales of the overlying Flathead formation.

The Castle Mountain district, as shown on the geological map, has
large areas of Belt rocks. The largest is the broad, shallow valley to
the north, lying between Castle Mountain and the Little Belt Range—a
valley cut entirelyin this formation. The broad valley of Smith River
is also eroded in these soft shales, its extension west of Castle Moun-
tain showing Belt beds largely concealed by the' silts of ‘the Miocene
lake. :

The great granite intrusion, which is the leading feature of the geol-
ogy of Castle Mountain, breaks up through the Belt beds, which about
its borders are so much altered as to be scarcely recognizable as the
soft, readily eroded beds that compose the formation elsewhere. The
conformable relations of the formation to the overlying fossiliferous
rocks of the Cambrian are apparent at many localities. Along Willow
Creek, however; a fault has brought the Belt shales in contact with the

1Geologic Atlas of the United States, folio 1, Livingston, Mont., Washington, D. C., 1894; also
Bull. U. §. Geol. Survey No. 110, 1893, pp. 16 and 49. ‘
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Mesozoic strata, and west of Castle Mountain the Smith Lake beds
.conceal the shales in which the valley has been carved. The area cov-
ered by the unaltered rocks of this formation is in strong contrast with
that occupied by the more recentrocks. . About White Sulphur Springs
and on the north slopes of the mountain that fall away to the basin
drained by the head waters of the northern ‘branches of the Mussel-
shell and Smith rivers the Belt beds form an open eountry, with rounded
hills and gently modeled slopes, bare of trees and but scantily grassed.
The streams cut readily into the shales and fissile limestones of the
formation, and the rains wear down the slopes rapidly.

~ In Oastle Mountain the rocks are mostly gray in color, save near the
top of the formation, where buff and yellow tones predominate. As
already stated, the base of the formation is not shown at Castle Moun-
tain. The limestones form the lowest horizon exposed, and -they are
seen well developed in the canyon of the Musselshell River, near the
mouth of Checkerboard Creek. The overlying, pearl-gray, sericitic
shales, whose silvery, silky sheen is so characteristic a feature, occur
near White Sulphur Springs and in the valley about Copperopolis.
The overlying arenaceous strata in which the thin beds of sandstone
~ weather out as low and rarely conspicuous reefs, whose lines can be
seen ribbing the smooth, grassy slopes, can be observed on the northern
flank of the mountain and in the low hills west of Volcano Butte, The
red shales form a prominent feature along the road from White Sulphur
Springs to Castle and Martinsdale, and their relation to the bold reef
of Cambrian quartzite is everywhere apparent.

In the mountain proper the Belt beds are extensively altered by con-
tact metamorphism, the rocks being hornstones and .related rocks,
forming bold exposures with mural faces and masonry-like structure,
and breaking into angular blocks with sharp edges, smooth faces, and
gonorous ring under the hammer. They have also lost their gray or |
red color and dre darker and often green or purple in tint. TFine
- exposures occur in all the gorges cut back to the main summit, notably
the heads of Fourmile, Willow, Cottonwood, and Warm Spring creeks.
The illustration (P1. VII) shows the walls of Fourmile Creek near the
prospects located on the intrusive rocks that cut the altered shales.

The intrusive rocks penetrate the Belt formation very freely, the easy
fracture and parting of the rocks lending itself readily to the injection
of eruptive masses. For this reason the beds are nowhere seen free
from intrusive sheets on the east side of the mountain, but are every-
where intruded and altered and upturned by these rocks. The west
side of the mountain, as already stated, is faulted, bringing up much
lower beds, and recent intrusions are absent,

On the western flank of the mountain, at the head of Cottonwood
and Warm Spring creeks, an intrusive sheet of diabase occurs, the -
dense, dark, heavy rock resembling iron ore having deceived many
prospectors. The heavy pine forest and castellated crags of the

Bull. 139—3

°
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granite area are readily disbinguished’from the areas of altered Belt

shale upon the highest slopes of Castle Mountain. The absence of -

fossils and of definite lithological horizons makes it necessary to map
the formation as a whole.

The Belt rocks are splendidly exposed along the course of Deep
Creek, on the road from Castle to Townsend, where they form the
. mountains of the Big Belt Range, west of the area shown on the map.

In general, the copper veins of the region are found in the Belt for-
mation. At Sixteenmile Creek, Copperopolis, and Spring Creek the
copper ores are confined to these rocks.- The ore bodies of Castle
Mouiitain proper, thus far found in the Belt rocks, are not especially .
promising, and those which have been seen by us do not warrant
development.

! : CAMBRIAN.

FLATHEAD FORMATION. -

The fossiliferous rocks begin with:the beds which immediately overlie
those just described. These are unlike the latter both in character of
sedimentation and in the occurrence of organic remains. That part of
the overlying Paleozoic that is of Cambrian age is divisible, on both
lithological and paleontological grounds, into two formations, the Flat-
head and the Gallatin, the former corresponding to the sandstone and
shale series and the latter to the limestones. Overlying the series of
Belt' strata just described there is a bed of quartzite or sandstone
which, throughout this region, everywhere defines the base of the fos-
siliferous rocks. It corresponds to the “basal” quartzite of the early
geological reports,! which was referred to as Potsdam, and which, in
southern Montana and Wyoming, rests directly upon the Archean
rocks.

This sandstone, together with the overlying shales apd interbedded
limestones, constitutes the Flathead formation, which has a total thick-
ness at Castle Mountain of 765 feet, and is characterized by fossils of
Middle Cambrian types. The name is adopted from the well-known
Flathead Pass across the Bridger Range.

The formation consists of the following members:

- . Feet
Upper Flathead shales......ccoooeiiiiinmmimeniiiiiaan e, 260

" Flathead limestones...-....c....... e e ———aas 50
Lower Flatheadshales....o. oo ioai i i e 400
Flathead quartzite........ e et e et e e e aee 75-100

Flathead quartzite—The quartzite, the lowest bed of this formation,
is the most conspicnous member of the series, and is readily rec-
ognizable by its lithological character, its topographic development,
and- its association with the underlying and overlying shales. The
bed is from 50 to 150 feet thick, and varies somewhat in hardness ab

1 Annual Report U. S. Geol. Survey of the Territories, 1872, pp. 16-25.

o
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different horizons. The rock is pink or gray in color, usually weather-
ing with a reddish-buff or rusty tint, and consists of firmly cemented,
rounded grains of clear quartz and some milky feldspar. No fossils
have been discovered in this bed, and it is not ore-bearing. At Castle
Mountain this quartzite often forms a conspicuous, wooded reef rising
abruptly above the gentle, grassy slopes of Belt shale and separated
from the limestone series by a depression cut in the, soft overlying
~ shales. The bed forms a prominent feature of upper Warm Spring
Creek, where it may be seen as a bold reef extending down the slope
west of the creek and crossing the stream below its upper forks, where
it forms a rugged, dark-brown wall On the road from White Sulphur
Springs to Blackhawk and Castle this bed is not so conspicuous, but it
may be seen close to the road from the Fourmile divide to Blackhawk.
Upon the northern flanks of the mountain it is, however, quite well
developed, its wooded outcrop everywhere defining the boundary of
mountain and valley from the Smith River gorge, northeast of White
Sulphur Springs, eastward to Halls, where the ledge crosses the
Musselshell and curves about the flanks of the Little Belt Range.

Flathead shales.—These shales are generallylaminated, soft-green, pur-
Pple, or red in color, are frequently micaceous, and they crumble readily.
Thin-bedded limestones also occur, and in the middle of the shale belt
they are quite well developed. These limestones are dense, gray, rocks,
carrying trilobite remains, are frequently spofted with green glau.
conite grains, and have a pitted, uneven surface where in contact with
the shale. The beds are seldom more than a few inches thick, but
often weather out as low bands showing above the shale slopes. They
vary from dense limestones, having trilobites and other fossils on the
upper surface of the layers, to conglomerates formed of limestone
pebbles, often green or buff, and unlike the gray matrix. These peb-
bles are generally flat, but occur in the rock without arrangement.
Together the limestones form a set of beds, with shale belts above
and below, and are hence called Flathead limestones. Frequently
layers of limestone oolite occur in which trilobite fragments are found,
the rock being gray, mottled with buff, and carrying considerable
glauconite. These thin-bedded limestones sometimes weather out in
plates or flags of considerable size. The fossils from these limestones
are of Middle Cambrian types.

In the western and southern slopes of Castle Mountain these shales
and sandstones are rather argillaceous. To the north a second bed of
quartzite is found, separated from the basal member by 400 feet of
shale. This is seen on the hill back of Copperopolis and in the canyon
cut through it by Checkerboard Creek. The section on page 36 gives
in detail the character and succession of the Ilathead beds of this
locality.
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Section of Paleozoio strata e:cpoaed in gorge of Checkerboard Creck at north base of Castle

Mountain.
No. Cambrian series. | Feet.

26 | Limestone; rather massive in outerop; light-gray with buff

tinge and pinkish spots; dense and without crystalline struc-
1 < 80

25 | Limestones, thinly bedded, but with massive ontcrop, weather-

ing with rough surface and faint-brown tint; hackly, guttered
L o £ S 130

24 | Limestone, bluff; daxk 174 21, 25

23 | Limestone; dark-chocolate and 4 100

22 | Limestone, forming bluff wall; first big cliff ledge of canyon

walls; dark-stained and occasional reddish wall of gray lime-

“1 SEODI® eneneeieameean e eacmane e taane i ranra e n—aneaaeann 40
21 | Limestones; thinly bedded, gray 550
20 | Limestones; dark-chocolate colored, dense rocks, weathanng

gray or White. .o oeeee 7

19 | Limestones (?); 20t eXP0Sed...coveeerenraieniieniinaiinneann. 25

18 | Limestone, forming persistent ledge or cliff; dark-gray and

chocolate colored; no conglomerate; carrying trilobite .-....... 55

17 | Limestone, conglomerate at base -and in places, passing into

rough weathering, dark-gray limestones above; fauna of
this horizon is Cambro-Silurian elsewhere.............eevoo.o.. 48

16 | Limestone; poorly exposed; splintery, gray rocks.......ceeveeoo. 75

15 | Limestone; rather thinly bedded; dark-gray, mottled............ 90

14 | Shale with limestone beds of one-half inch to 3 inches in thick-

BT T 315

13 | Limestone; gray, Weathermg buff; carrying Cambrian fossils. . 28
12 | Shale; thinly laminated, crumbly, purple-gray........ccceveeen.. 30

L I 4 T 110 T eeernenieee. .

10 | Shale; gray, crumbly....cooemmiiiiii i, 4
9 | Limestone; thinly bedded, dark-gray, mottled with buff......... 10
8 | Shale in one-half inch layers, carrying interbedded layers of

figsile, impure sandstones and limestones....................... 200

7 | Shale; gray and purple, thinly laminated............ ceeeesy 6O

6 | Sandstone; stained black with organic material 1

5 | Shale; dark-green, crumbly....ocueuemoeioaeaiimacicanrcennnn.. 5

4 | Quartzite; resembling that at base of section..................... 25

3 | Limestone; thinly bedded, gray limestone, weathering buﬂ“

and carrying fossils....... ..ol 20
2 | Shales; thinly laminated, crumbly, micaceous, green and gray,
red and purple; not well exposed.......coeoioiiioiiiiiiiiiia.. 400
1 | Quartzite; dark-red, buff, or gray; conglomerate at base......... 150
...... Belt 8hales. . cn.eeee e iiieiieaeiee e e irerceieereeeiceeen e e

This section differs from sections of the Cambrian farther south in
having a much greater development of the Flathead shales, which,
with the interbedded limestones, have here a total thickness of 945 feet.
The overlying limestones do not show the lithological differences seen
at other localities, and as a systematic search for fossils was not'made, -
the horizons of this part of the section are only tentative. The dip is
westward and varies from 45° for the quartzite, the lowest bed exposed,
to 250 for the heavily bedded, light-colored Carboniferous limestones
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* that form the upper end of the gorge. In topographic relief the Flat-
head shales form a ravine or grassy interval between the wooded
quartzite area, and the rugged limestone outcrops above. Exposures

CAMBRIAN ROCKS.

are rare and must be sought along the banks of the streams or steep

divides, as they readily weather and dis-

Feet.

integrate into fertile soils, which favor ' I : |j }Mm .
vegetation and effectively conceal the 1 I
bedS. 130 = = ,l' = Y ,E Tl:‘;;;b:dded lime-

GALLATIN LIMESTONES.

The upper part of the Cambrian beds,
consisting mainly of quite pure lime-
stones and characterized by fossils of an
Upper Cambrian type, constitute the

1
T I 1
" Gallatin formation, the rocks being typ- T; " I I'r
ically developed in the Gallatin Range. ' B — “
The lowest bed is a rather massive, S S B -
heavy-bedded limestone, which has gen- .
1

erally a chocolate color mottled with
yellow or buff. This bed often forms a
bold bluff wall, rising abruptly above
the slopes formed by the more readily
weathered beds beneath.

This limestone bed is succeeded by
a thin belt of shales, barren of fossils
and seldom exposed, overlain by rather
thinly bedded limestones and conglom-

- erate. Theselimestones, which are gen-
erally pebbly, constitute an important
horizon. Beds of limestone 4 to 6inches
thick alternate with more crumbly, argil-
laceous beds 3 to 5 inches thick. The
fossils are Upper Cambrian species, but
include many that pass into Silurian
rocks, and it is questionable whether
these beds do not belong to that period.
These conglomerates are not distinctive
of the Gallatin, however, as those found
in the underlying Flathead formation
are very similar in appearance.

318

28

m

P SRR
20]

400

=] | Shales with lime-

e e e s

stone beds,

Limestone.

Shales and lime-
stones.

o Quartzite.
=4 Limestone.

"\Shales.

}anrtz(te.

F1e. 5.—Colummar section of Paleozoic
beds seen in canyon of Checkerboard
Creek.

Fossils: Crepicephalus (Loganellus) montanensis Whitf., and Ario-
nellus tripunctatus Whitf., from beds in valley near wagon road, west

side of Castle Mountain.

SILURIAN.

JEFFERSON FORMATION.
The limestones which farther south are classed as Silurian and form

a prominent part of the Paleozoic series near the Jefferson River are
recognizable at Castle Mountain only by their lithological character
and their stratigraphic position.
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The rocks are all limestones, generally massively bedded and gray
in color at the base, grading above into dark-brown and blue-black
saccharoidal limestones with fetid odor and a cousiderable proportion
of arenaceous material. These beds are often characterized by an
abundance of small calcite geodes, and rarely carry indistinet remains
of corals. The formation is distinguished with difficulty from the lime-
stones above and below, forming with them the great limestone series
that collectively make the mountain-building rocksof the region. The
black limestones occur on the northwest side of the mountain at the
Grasshopper mine, where they show considerable endomorphic alter-
ation, due to the proximity of the granite. They are also seen on the
divide above the Cumberland mine in the rock cut beside the road
from Robinson to Castle.

A splintery, dark-gray limestone, ha.Vlng a thickness of 550 feet,
overlain by 165 feet of chocolate and dark colored fetid limestones, is,
in the absence of any paleontological evidence, assigned to this horizon.

DEVONIAN.
THREE FORKS SHALES.

The series of shales and .thinly bedded limestones which carries a
well-marked Devonian fauna at the Three Forks of the Missouri is not
readily recognizable in the Castle Mountain area, as the beds are fissile
limestones not easily separable from the overlying Carboniferous, and
no fossil remains have been obtained. Its presence to the north and
south, however, makes it probable that beds of this age are mcluded.
in the great series of Paleozoic limestones.

A total thickness of 145 feet is assigned to this period in the sec-
tion in Checkerboard Canyon. The rocks are thinly bedded, though
together they form massive exposures. They are generally gray,
mottled or blotched with pink or buff, and often weather with marked
red color. There is an abrupt change in the character of the beds at
the base of the Carboniferous, so that the line of separation is made
in the field more readily, than it can be described.

Exposures may be found in Checkerboard Canyon, of which a section
has been already given, and along the northern and southwestern
flanks of the mountain. Near the Cumberland mine and at Robinson
and Blackhawk contact metamorphism, produced by the large bodies
of intruded igneous rock, obscures the normal character of the lime-
stones so that they can not be distinguished from the other Paleozoic
strata.

CARBONIFEROUS,

The beds of this age form the most prominent part of the great series
of mountain limestones. As will be seen from the geological map, they
cover a considerable portion of the Castle Mountain area, and to them
is due some of its boldest and most picturesque scenery. They are,
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moreover, important from an economic standpoint, as they appear to
be peculiarly fitted for ore carriers, and in them have been found most
of the important ore bodies.

The beds of this epoch are chiefly limestone, thinly bedded, and dark
in color at the base, and massive and white above. This series is over-
lain by shaly and arenaceous beds, with interbedded massive limestones
characterized by Lower Carboniferous fossils.

In the field the rocks are naturally divisible into three series, but the
fossil remains are all of Lower Carboniferous types and the fauna of
the Coal Measures of the eastern United States has not been found.
But two divisions are therefore made; the limestones are grouped
together as the Madison limestones, this terrane being well developed
along the river of that name, while the overlying earthy and sandy
series is the equivalent of the Quadrant formation of the Yellowstone
Park. The two divisions have an aggregate thickness of 1,800 feet,

distributed as follows:

. Feot.
Quadrant formation. ...... ... il 600
Madison formation :
Magsive 1imestone .. ....c...ocore et e i e naaaan 400 °
Thin-bedded limestone, .. ... .. .oe oot e e ceeeamas 800

The Madison limestones in this region are the most prominent part
of the Paleozoic series. The sharp folds into which they have been
compressed have been largely uncovered, and the ledges stand up white
and glaring above the gentle slopes formed by the overlying beds.
They are essentially the mountain limestones, and generally in this part
of the Rocky Mountains sharply define the mountains from the plains
- or valleys of soft Cretaceous rocks. This peculiarity is seen at Castle
Mountain in the anticlinal fold that forms its eastern part, and to the
southwest of Castle, where the abrupt transition from gentle Creta-
ceous slopes to limestone plateaus is most striking. The upper strata
being massive and heavily bedded, this transition is more strongly
marked than if they were of the lower thinly bedded limestone. Upon
the western slopes of the mountain, as on the eastern, the heavy beds
of limestone form a line of white scalloping outerops resting upon the
mountain flanks.

MADISON FORMATION.

Flaggy limestones.—Immediately overlying the yellowish shaly lime-
stone forming the top of the series referred to the Devonian there is a
series of rather dark-colored, compact, fine-grained limestone, splitting
readily along the bedding planes into slabs .or flags. The total thick-
ness of these thinly bedded limestones included between the Devonian
and the base of the massive limestone is 800 feet. Throughout this
thickness there is a considerable variety in color, from dark-gray or
blue-gray to brown and buff, and from compact amorphous limestones
to those that are coarsely crystalline. The rocks frequently carry
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chert, but it is irregularly distributed, of varying color, and forms
angular masses.

Fossils occur in the lowest beds of this series and are abundant
"throughout. The most noticeable feature is the great abundance of
crinoid disks which appear in the lowest layer. In the Devonian rocks
they are small, scarce, and inconspicuous; here the rock is largely
composed of them. Neither
fossils nor lithologic differences
offer any grounds for dividing

Feet. =5
_}swes, red and black. " * these beds into different hori-
; . Zons.
'Sand: and red earths. e .
, Massive limestone. — Above
5| Dakota sandstone. the series -of thln]y bedded

limestones just described there
;Thinly bedded limestones, alternating with red iS a thickuess Of 400 feet‘, Of
clay and shales, . . A
white, massive limestone. The
rock is always light-colored,
generally dense, but sometimes
crystalline, with irregularly

r{Patassive tinstone. distributed chert rarely form-
ing layers through it. As a
Red and purple earthy limestones, WhOle ltlS readily dlstmgul Shed .

from the darker, thinly bedded
limestone beneath, both from
the character of the rock and
the great difference in weather-
ing. The beds are thick and

reen shale srics. carring fouls lacal division planes seldom notice-
o reen shale series, carrying fossils ncalcareous
Deds, and oolitic limestones. able,- the rough, cavernous,
irregular weathering and un-
even fracture being quite con-
stant characters. Where cut
through by streams it forms

16 5= ""-‘[Thinly bedded limestones. narrow gorges with precipitous

{ ] ' walls showing cavernous re-

7 T l dison 1 : cesses. It frequently holds

: S caves, and abandoned water-
F1a.6,—Columnar section of beds exposed in canyon
of North Fork of Mussclshell River. waysarenotuncommon. Where
the streams penetrate it to the
softer rocks it forms the gateways, so common in this mountain region,
from the upper valley or gorges to the open lowland.

The rocks may be seen well exposed at many localities. The ore
body of the Cumberland mine lies in this bed, and the slopes about the
mine show good exposures, though the rock is slightly metamorphosed.
The gorge of Warm Spring Creek and the adjacent mountain benches
show this horizon where it has been somewhat carefully prospected.
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PIRSSON.

‘When sharply folded the limestone is often brecciated along incipient
fault lices and in such places is often colored by iron. This has led
many prospectors to look for minerals at such places. ’

The road from White Sulphur to Castle passes up the gorge of Four-
mile Creek, cut in Carboniferous rocks, this horizon being prominent,
and it is also seen where the various forks of Flagstatf Creek cut their
way to join the Musselshell. It is a most important element in the
scenery of the region and a key to the position of the adjacent beds
and to the geological structure.

‘QUADRANT FORMATION.

This consists of a variable series of sandstones and shales, with pure
and impure limestones, that overlies the great limestone series of there-
gion. In the southern part of the State the formation consists of quite
pure white sandstones with occasional intercalated limestones, but argil-
laceous materials appear farther to the northward, and at Castle Moun-
tain form an essential part of the formation. A characteristic feature
is the occurrence of impure earthy beds of bright-red color immediately
above the massive limestones last described. Higher in the series beds
of bright-green shale, usually alternating with sandstones or impure
limestones, form a conspicuous and readily recognizable horizon.

The total thickness of the formation averages 600 feet, the upper
limit being the granular, buff, or pink sandstone of the Juratrias. The
following section illustrates the character of the beds. Itis taken at
the beginning of the Musselshell Canyon, at the northeast base of the
mountain.

Section of Carboniferous and Juratrias beds exposed at cast end of Musselshell. Canyon.

Mesozoic : Feot.
Black shales . ..ot e it e 500 .
Red earths. ... oo e ol
Sandstone, buﬂ’-colored, granular and erumbly. ... .ol . o ii.aoo. 20
Red 8andstone . ... ..l e iceic e 5
Sandstone, indnrated and tough, gray to buff . ... ... ... ... .ol 10
Sandstone, a shaly gray rock ... ooen oo i i 5
Interval ..... e e e e e e e e eeeaee e aeaaan 10
Sandstone, supposed Dakota, gray at base. ......ocoooiiis it 10
NO @XPOSUTE - ... it i et eeieieaaaan 20
Limestone, light-brown, rusty colored. ... ... ... . ... .. ... ....... 2
NOb eXPOSEA - e nn v e ot it et et tameeaae e 30
Shaly sandstone, a soft light-gray rock, weathering down readily and

probably passing into impure limestone, with red, nodular streakings. 12
Sandstone, shaly at top, soft-red to buff, and massive at base. Probably
represents base of JUTABTIAS < e nieeeee ceaeeeaaarcamcee cane caaas 28

‘Paleozoic:

0173 i ) A PP 30
Massive limestone, gray, blotched with.pink, crysta,lhne n,n(l granular,
resembles sandstone. . ... ... iiiiiiiit i i ciie e cca e 15-20
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Paleozoic—Continued. ' Foot.
Limestone, gray massive bed . .................. heeeereeeeeceaeeeaaaaan 5
Red earths, magnesian orimpure limestone ; red clays withlimestone balls. 8
Limestone, dense, pure, gray, structureless .............................. 3
Purple magnesian limestone, weathering to red earths holding nodulm

limy masses a few inches in diameter. ......... ... o ool 15

Limestone bed, upper part gray in color and quite massive, with abundant
crinoid stems and Lower Carboniferous fossils., Lower 10 feet thinly

bedded (1 to 2 feet) and red stained. ... ... L .oiiiiiiaon 25
Black shale, not well exposed. ... ..o....cccoaonn.. et cee e 20
Limestone, dense and massive, not platy ...._........ i emmaieaaaaas 5
Shale, dark-coloTed. ..o o n ot i e i e eiecea e oacmaaaa- 3
Limestone, carrying fossil remains ... .. ... . ... ... ... 1
Shale, BIACK « o oo e e e e e e ' et 13
Limestone, carrying brachiopods and other C'zrbomfelous fossils __...... 3
Shale, reddish at base ... ... ...t 27
Shale, probably green, poorly eXposed. ..o oo iicamiiiaia i 15
Limestone, dense, dove-colored, platy .fracturing, without crystalline '

structure or fo88ils. ... ... ool 1
Shale, bright-green ... ... oo immn it an 20
Limestone, impure, green. ... ...co. et eiiaos iaencmaereaaaaaaaenns |
Shale, Gray e e e i e eeeeaeaaa 10
Shale, greemn . .. o it e ieeie e 18
Shale, weathering to black or blue-black elays. .. ...ooeeeeeneoii. oo 15
Limestone, a dense, platy, buff-colored, splintery fracturing, oolitic rock . 1
Shale, dark-green, weathering to black or rusty colored earths.......... 8
Shale, light-green, tinged with purple at top, where it passes into a

darker shale above. ... ... oi i 5
Shale, light-green,neither soft nor laminated,carries Fenestella and crinoid

BEOME, @1 .« o o i e e e e e ae e 3
Earthy bed, limy and argillaceous, weathers to red clay with green, limy

masses in I .. . e 15
Limestone, dense, finely erystalline, crackled..........cocoiimnannaa... 5
Limestone, impure and shaly, gray, weathering buff. ................. ... 5
Limestone, 001itic, Plaby - ... «ceo oot e i aas 5
Limestone, gray, fissile and splintery, dove-colored to light-gray......... 15

This section shows clearly the variable nature of the deposits of the
closing part of Carboniferous time. The limestones associated with
the green shales are frequently oolitic in character, and like the thick
beds higher in the series carry typical Lower Carboniferous fossils.

The green shales form a marked persistent horizon throughout the
Castle Mountain area, rarely showing exposures, but weathering as
gray earth. These green shales are exposed just below the Cumber-
land mine above Castle, where a cutting for a new road has left an
excellent exposure. They are also seen on the hills east of White Sul-
phur Springs, and on the slopes west of the Grasshopper mine. At
this latter place a section shows essentially the same sequence and
thickness as that at Musselshell Canyon. Above Checkerboard Can-
yon, back of Copperopolis, these shales and the associated beds are well
exposed, and their relation to the limestones is clearly seen. Another
excellent exposure is found in the canyon of Flagstaff Creek, where
that stream cuts through the Flagstaff anticline.
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Just above the Fourmile Canyor, through which the Castle road is
built, the bright-green shales are exposed on the slopes and have been
laid bare in prospecting. They are cut here by the big dike elsewhere
mentioned.

The limestone which forms the top of the Quadrant formation is a
massive bed weathering as a rough white ledge, and carrying abun-
dant Carboniferous fossils. It is quite like parts of the massive lime-
stone of the Madison. )

JURATRIAS.

The Ellis limestones take their name from the old military post of
Fort Ellis, about 50 miles’ southwest of Castle Mountain, and are
prominently developed in the ,mountain of that name. In the Castle
Mountain district they are distinguished with difficulty, and must be
sought with care. Their position beneath the Dakota quartzite and
above the massive white limestone that caps the Quadrant formation
defines their limits, but fossils are not always found.

The beds assigned to this age include a sandstone, usually granular,
buff in color, but weathering red or pink, overlain by a dense white
- limestone resembling that immediately beneath it, but carrying Juras-
sic fossils. This passes into a sandstone above, and is capped by red
earthy shales. The beds included between the fossiliferous Carbonif-
erous and the quartzite—assumed to be the base of the Cretaceous—
are 90 feet. There is a total absence of the drab-colored argillaceous
limestones which form the bulk of the formation farther south, and
which contain an abundance of fossils, yet the period is represented
by the purer limestone that here carries the same species found in the
argillaceous beds.

Exposures were recognized in the canyon of Tlagstaff Creek, ant
the following fossils, identified by Mr. Stanton, were collected:

Ostrea sp. :
Camptonectes extenuatus M. and H.
Gervillia montanensis Meek.
Astarte packardi White.

Trigonia montanensis Meek.

Pinna kingi Meek.

Pholodomya kingi Meek.

In the section made at the mouth of the Musselshell Canyon no
fossils were found, but the stratigraphic succession is the same.

The Triassic period, if represented at all, forms the sandstone at the
base of the Ellis. The extensive Red Beds of Wyoming have, 50 far
as we have observed, no development in Montana, and beds simulat-
ing them are Carboniferous in age, as indicated in discussing the
Quadrant formation. '

The Ellis is usually defined by an upper sandstone separated from
the Cretaceous sandstone (or conglomerate) above by red shales and
fissile sandy beds.
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The abrupt change from Carboniferous to Juratrias is seen in expo-
sures a few miles east of this section at Musselshell Canyon, where a
dense pinkish-gray limestone full of Lower Carboniferous fossils is
succeeded by a sandstone with a foot or two of conglomerate at the
base, the pebbles being of chert and limestone. Both the conglomer-
ate and the sandstone into which it grades carry abundant Jurassic
tossils, mainly Ostrea glabra.

CRETACEOUS.
KOOTANIE.

The strata whose outcrops have been included with the other Cre-
taceous terranes, and which are shown by one color upon the accompany-
ing geologic map (Pl. III), certainly include at the base a series of
sandstone and shales equivalent to the Great Falls beds farther north,
known to be of Kootanie age. Although .there is no definite pale-
ontologic evidence establishing the existence of the Dakota group in
Montana, the series of beds lying above the fossiliferous beds of Jurassic
age and beneath the black shales of the Benton formation have been
heretofore provisionally called Dakota, and so mapped. The character-
istic conglomerate which in the southern part of the State occurs near
the base of the series of beds thus delimited corresponds in lithologic
character and habit with the beds in Colorado described as Dakota,
but this is rather weak evidence on which to correlate a formation. In
the neighborhood of the Great Falls of the Missouri, where the Jurassic
has been recognized! and the Benton reaches its typical development,
the interval between the two formations includes a thickness of several
hundred feet of arenaceous and argillaceous sediments, together with
an important coal seam. Fossil plant remains gathered from these
intervening beds are of Kootanie or Lower Cretaceous types. No
unconformity is recognizable between this and the Benton shales (fossil-
iferous), but sediments of similar character extend to the top of the
series. The only paleontologic evidence consists of fresh-water shells,
which alone furnish no evidence for discrimination. It is thus fairly
open to question whether the rocks called Dakota in this region are
really of that age.

In the Castle Mountain area the Kootanie is believed to be present;
at least the coal seam mined at Checkerboard Creek, together with the
adjacent beds, is believed to be the equivalent of that found along the
flanks of the Little Belt Range farther north. The overlying beds
resemble in character those generally described as Dakota in the north-
ern Rocky Mountain region. The beds supposed to be of Kootanie
age consist of thinly bedded sandstones and red earthy shales, with a
coal seam near the top, beneath a heavy quartzite bed that later is arbi-
trarily assumed as the base of the Dakota. The total thickness of these
beds does not exceed 300 feet. -

TW.H. Weed, Two Montana coal fields: Bull. Geol. Soc. America, Vol. IIT, p. 309.
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The overlying strata, supposed to represent the Dakota, consist of
a heavy sandstone bed at the base, overlain by varying succession of
shaly sandstones and earthy shales. The section given in fig. 6 shows
the sequence and thickness of the beds at the mouth of the Musselshell
Canyon. ‘

The basal bed is generally sandstone, often a conglomerate at the .
base, the pebbles being of black and white chert or quartzite. The
sandstone is often indurated to a quartzite, is gray in color, but weathers
with a rusty ferruginous crust. It breaks generally into massive blocks,
and by its resistance to weathering occupies conspicuous positions
wherever it occurs. Its outcrops are generally covered by a growth of
pines. The relation of this bed to the fossiliferous Jura is well seen in
the synclinal trough east of Blackhawk. A similar relation is seen in
the canyon of Flagstaff Creek. The quartzite, which is so readily
recognizable, may be used as a ready reference plane, defining the Car-
boniferous from the shaly Cretaceous beds in which prospecting for ore
deposits is useless. Above Checkerboard Canyon the coal seam lies just
beneath the quartzite, and in prospecting for a further extension of the
seam, that is the bed to follow. Near Castle this bed is conglomeratic,
and is well exposed on the hillsides above the town. Its distribution
is shown upon the map, and it is so general along the outer margins of
the limestone area as to make a mention of specific localities unneces-
sary. No fossils have been found in the quartzite, but the red clays
above it have yielded fragmentary fossil remains from the faulted area
southeast of Elk Peak, near the quarry where the sandstone is taken
out for building purposes for use at White Sulphur Springs. These
fossils have been examined by Mr. T. W. Stanton, who reports that
they are fragments of a unio and of a bone, possibly of a turtle.

A peculiar feature of the series of beds included under the name
Dakota is the presence of a bed of dense lilac or purple rock, which
‘closely resembles in field appearance a dense volcanic rock. . Under
the microscope this is seen to be a volcanic ash, thus proving the
occurrence of voleanic activity during the Dakotan epoch. Thisis in
perfect accord with the observations of Dr. Dawson upon the Kootanie
and Dakota rocks of Crows Nest Pass in the Canadian Rocky Moun-
tains. This purple bed is a persistent horizon throughout the district
and has been recognized by one of the writers throughout the region
as far south of Castle Mountain as the Teton Range of Wyoming.

COLORADO GROUP.

‘Within the Castle Mountain area the distinction between the Colo-
rado and Montana groups of the Cretaceous system is an arbitrary
one, as no satisfactory paleontologic evidence has been procured upon
which to base a division of the groups.



46 THE CASTLE MOUNTAIN MINING DISTRICT. [BULL. 139.

The two divisions of the Colorado—the Benton and Niobrara forma-
tions—are not distingunished on the map, the line of division being
too indefinite to permit separation.

Benton formation.—This is a series of black carbonaceous shales,
with occasional thin beds of sandstone and arenaceous shales. It is
essentially an argillaceous formation, whose dark-gray or black color

permits its ready distinction from the beds below. Concretionary clay
~ironstones occurring in the black shales frequently carry fossils, the
shales being generally barren. The sandstones are usually impure
and argillaceous and occur most prominently in the upper part of the
Benton.
. Good exposures occur on the east side of Warm Spring Creek below
the road crossing. The black shale is here fossiliferous, the following
- species identified by Mr. T. W. Stanton having been collected: Ino-
ceramus umbonatus, M. & H.; Baculites asper, Morton.

Niobrara formation.eTl)is formation constitutes the upper part of
the Colorado group, and consists in this region of rather lighter colored,
gray, arenaceous shales and impure sandstones, passing gradually into
the black shales beneath and differing from the lead-color and gray
clays of the Pierre above. The sandy shales, when sharply upturned,
trequently weather out in irregular reefs projecting a few inches above

- the slopes of gray shale and resembling long lines of tombstones.

The upper limit of the Niobrara is assumed to be the conglomerate,
formed of black and white quartz pebbles, that is a readlly dlstm guish-
able horizon in the vicinity of Castle Mountain.

In the valley of Alibaugh Creek, a few miles west of the town of
Castle, the Colorado shales are highly indurated and metamorphosed—
the result of the intrusion of the granite core by which the shales are
here abruptly cut. The process of alteration has been so complete that
the formation has lost all its ordinary characteristics, and here closely
resembles the similarly altered Algonkian beds so commonly found
upon the flanks of the granite massif. The rocks consist of dense,

flinty hornstones and vitreous quartzite, and light-colored, porcella: -

nous, adinole-likerocks. The original bedding is only recognizable upon
careful examination, the rocks being jointed and breaking readily into
small cubical or angular pieces. :

The total thickness of the group is estjmated at 2,200 feet. Good
exposures are rather uncommon, though the formations cover extensive
areas of the Castle Mountain region. The town of Castle is built upon
these and the overlying shales of the Montana group, and good expo-
sures are seen in the bluffs of Warm Spring Creek below the road.
Bonanza Creek has cut a narrow valley through them on its way to the
broad open country of Coyote Basin, and the black shales are seen in
the syneclinal trough east of Willow Creek near White Sulphur Springs.

The sections of the beds exposed at the south base of Castle Moun-
tain given on subsequent pages, show the character of the Colorado

~group as developed in this region.
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This embraces the two formations, Pierre shales and Fox Hills
sandstones, which are not readily distinguishable at this locality, and
are indicated by one color upon the map.

Pierre shales.—This formation consists chiefly of a thickness of 2,000
feet of leaden-gray clays or clay shales, carrying rounded, limy con:
cretions, and having occasional thin beds of sandstone in the series.
These shales form a very sticky soil, becoming dry and cracked during
the summer and weathering into clays that most effectively conceal the
beds themselves. No definite line between this and the overlying Fox
Hills can be drawn in this region, as the beds become more and more
arenaceous and grade into the sandy shales of the latter.

Fox Hills sandstones.—This formation consists in this region of a body
of gray sandy shales of varying texture and appearance, passing into
a buft-colored sandstone at the top.

" Exposures of the Montana group occur upon the southern and east-
ern sides of Castle Mountain, but the actual outcrops are rarely seen.
A section made along the ridge between Alibaugh Creek and the town
of Castle is given herewith. The section already noted gives the
sequence and thickness of the beds as far as known. Along the course
of lower Warm Spring Creek and in the hills south of the road about
Woodman Creek the beds may be seen fairly exposed.

Section near the town of Castle.

Foet.
Alternating shales, sandstones, and arenaceous beds belonging to
the Benton formation . _o.. .. vueiemiin i 1, 000
Quartzite, varying to sandstone, forming promment outcrop and
probably of Dakota age. . coeeveracn it 20
Sandy shales, breaking into fine débris and seldom exposed...... 110
Sandy shales, carrying indurated sandstone layers near the base.
The series is stained black with carbonaceous material and
resembles the Dakota shales of the Yellowstone Parlk section... 300
Hard, dense, black limestone, weathering dark-gray. The rock is
tough, carries chert, and is not crystalline.........ccceeee. . 20
Impure sandy Shales - . ...oceoeeeeioomae oo aeaae caee caeanas 10
Quartzite, the central part of the bed being somewhat shaly. .... 36
Impure argillaceous limestones..coeeoccoeeivmen i ianiiiaaa .. 110
Intruded sheet of POrphyry . ..coee e aann 12
Limestone, dense but not crystalline, gray in coler, and breakmg
readily into fine débris._ ... ... o el 100
Olive-colored, dense 8andstone ........o.eooieiaiaanamacaeionns 10
Light-colored limestone, breaking readily into fine débris. Upon
fresh fracture the rock appeats of granular texture and of dark-
gray color, carrying streakings of lighter material............. 90
Dark-gray limestone, carrying shell remains which appear to be
Carboniferous .. .... Qe e eeeneeceeeececaseeananarare s 40
‘White limestone, much decomposed, but well exposed in prospect
2 8 PR 10

Lead-colored limestones, cut by transversely trending dike....... 25
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Shaly beds, which are baked and hardened, resembling impure lime- Hoot.

Y 4T e 105
Intruded sheet of porphyry........... e eeeeaeeoaaas 25
Dark.purple and brown shales, which are much baked and form

dense and hard hornstones.............coceeeeii ol 20
Intruded sheet of porphyry........ e eeeeaeeieaaeeaans 15
Metamorphosed black shales ....eoeeen ool iiiat 15
Altered green shales and calcareous beds...... . 25
Flaggy limestone, much decomposed and having porous, spongy

layers, but no fossils. ... ccevee i L 5
Débris of light-colored limestone.-................... e 30
Chert-bearing, dove- colored, dense limestone. ....._.............. 2
Altered shales and intercalated limestones....................._. 60
Limestone bed forming ledge, and exposed white line crossing

21 ' 7
Altered limestones or shale, white, dense in structure and not crys-

talline, with some flinty, baked shale that is black and resembles

the Algonkian .................. e e 75
Intruded porphyry sheet........oooeo ol - 15
Green Carboniferous shales, which are baked to a gray, splintery

limestone-likerock .. ... .o . ..ol ... 125
Limestone, much altered, breaking into small angular fragments,

In structure the rock is finely saccharoidal, often brecciated,

much decomposed, and varies from a pink to a gray color....... 50
Leaden-gray spotted limestone.... ... ... .ccoeoiiiiiiiiiiioL 3
Intruded porphyry sheet......coceeeemmii i 6
Limestone, brown-gray in color, thinly bedded, and evidently not :

belonging to the massivé series of Carboniferous limestone.
" These beds extend to the contact with the granite stock. The

contact is marked by considerable alteration, the granite being

the usual fine-grained porphyritic forms, with a zone not over

50 feet wide of rotted, decomposed rock, showing baked crystal-

line limestone and porphyry decomposed to a light-yellow rock,

quite different from the adjacent altered limestones, which are

brown-gray, and not perceptibly whitened by contact metamor-

phism, although finely granular in structure ................... 150

THE LARAMIE.

This formation, which is so generally coal-bearing along the front of
the Rocky Mountains, is not well exposed in the Castle Mountain area.
It is essentially a series of light-colored arenaceous beds, in strong
contrast with the dark-colored argillaceous shales beneath and the
somber-colored beds of the Livingston above.

The strata consist of mhssive light-colored sandstones with intercala-
tions of gray shale and seams of coal. The rocks are well cemented,
and the sandstones formed of well-rounded grains of quartz with.little
feldspar and mica No fossils have been collected from these beds at
Castle Mountain. Good exposures occur at the mouth of Warm Spring
Creek, where the beds are sharply upturned, and the ledges can be.
traced along the slopes to the south, outlining® a minor anticlinal fold
into which the sediments have been flexed. A few openings have been
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‘made on the coal seams in this vicinity and show the best fuels yet dis-
covered near the mines. The seam at the forks of the creek overlies
250 feet of gray Laramie sandstone, and is overlain by about the same
thickness of similar rocks. The strata are vertical at this place.

Exposures of the Laramie also occur east of Robinson Creek, a couple
of miles below Castle. The total thickness probably averages 500 feet.
The formation is readily located by its relation to the brown beds of the
Livingston formation.

Near Castle the ridge of volegnic rock south of the schoolhouse marks
the base of the Livingston formation.

LIVINGSTON FORMATION.

Upon the south and southeast sides of Castle Mountain there is a
great thickness of dark-colored sandstones, grits, and conglomerates,
with interbedded shales, constituting the Livingston formation.! The
rocks of this age, together with a higher series, form the great mass of
the Crazy Mountains, and the wide valley between that group and the
Bridger range and Sixteenmile mountains is cut in these strata.

The beds constituting the formation are generally dark-colored, of
various shades of brown or rarely green. They are usually coarse
sandstones, composed almost wholly of andesitic volcanic material that
shows rapid deposition and but little sorting by water. About 200 feet
above the base of the series occurs a light-colored bed that-is a pure
white sandstone, presenting a strong contrast to the adjacent ledges.
This is a horizon by which it is possible to trace out the intricate fold-
ing that prevails along the course of the South Musselshell. The beds
are very generally intruded by sheets of igneous rock of Crazy Moun-
tain types, whose upturned edges weather as bold combs, rising above
the slopes formed of Livingston rocks.

An excellent section of these rocks, and one showing their foldings
conformable with the underlying Mesozoic series, is seen where the road
‘from Livingston and Bozeman crosses the divide between South Mus-
selshell and Smith rivers.

Section of beds exposed at head of Smith River.

Brown sandstone or tuff bed, well indurated and breaking into oot
small, angular fragmeunts of one-fourth to three-fourths inch
across. This ledge forms foot-slope ridges and buttresses rising
abruptly from the walls of the valley south of Castle Mountain.. 25

Fine-grained tuffaceous strata, often brown and carrying lignitic
shale, but inconstant in character and variable horizontally... 105

Light-gray sandstone formed of the sorted grains of volcanic
material; dips eastward at 45°, This bed forms the valley rim. 25

Tuffaceous sandstone with concentric, spherical, shelly weather-

8 Y e e - b

Tuffaceons sandstone, brown in color and varying to green. Gen-
erally crnmbly and carrying round concretions of all sizes, up to
2 feet, which resemble cannon balls... ... ... .. ..a.a.... 40

1W. H. Weed, Laramic and overlying Livingston formation: Bull. U. 8. Geol. Survey No. 105.

Bull. 139
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Fine-grained tuffaceous sandstone, green or grayish-green in color,
crumbling readily to a dicy, shelly débris and carrying occa-
sional spherical concretions from 2 to 3 feet in diameter .......

Fine-grained, shaly, tuffaceous sandstone........_... R

Tuffaceous beds, generally concealed by other débris. ........._..

Conglomerate composed largely of pebbles of volcanic material..

Soft tuffaceous sandstone... . _...... e e mmme e mmmmen e

Dark-green and rusty-brown tuffaceous beds, varying considerably
in texture and coarseness of composition. The beds change
rapidly in character horizontally.... . A et e e e

Green, fine-grained tuffaceous sandstone, crumbling readily to a
coarse, sandy débris and much resembling the tuffaceous beds
of the fossil forests in Yellowstone Park. .......................

Fine-grained greenish sahdstone, weathering brown..............

Limestone; gray on fresh fracture and weathering with a seal-
L3 o8 (-2 D ¢ X R

Umber-colored tuffaceous beds. The series thus far given is of the
‘general brown or umber tint, and differs in this respect from the
underlying beds, which are generally green in color............

Granular sandstone, breaking readily into green, splintery débris,
whose fracture is at right angles to bLedding, forming small
angular bits an inch in diameter....... . ... ... .. ..ol

Bed of gritty sandstone of a bluish-green color..............

Black tuffaceous shale, breaking into fine, angular débris. .. ..._..

Limestone bed .................. R,

Greenish-gray sandstone, weathering into roundish ledges, but
breaking into angular bits. This rock is unlike a true voleanic
breccia and quite distinet in character from the Laramie beds. ..

Fine-grained tuffaceous bLeds formed of volcanic material and
weathering readily, so that exposures are seldom seen. These
rocks form the small inclosed valley at the head of the stream.

" Light-brown, fine-grained, steel-gray sandstone, dipping south at

60°. The rock weathers in smooth, round forms and is a very
dense sandstone resembling limestone in appearance ...........
Sandstone; light-gray in color; composed of angular bits of mate-
‘rial that are not markedly voleanic. It is separated from a
ledge above by 2 feet of shale. ... .ocooooeiiioii it
Fine-grained, buff-brown, tuffaceous beds, seldom well exposed,
but showing crumbly, black pieces, forming a sandy débris
covering the exposures........._ ..._.. e emna
Very fine-grained, tuﬁ'a.ceous rocks, ohve—green incolor..........
Shaly beds, crumbling readily to fine, sandy débris and black
5 ) 1
Conglomerate and volcanic breccia; containsd well-rounded peb-
bles up to 6 inches in diameter, and also a well-cemented, angu-
lar breccia and grit. The ledge dips south at 60° and forms a
very rough and jagged comb that stands out above the gentler
slopes. The upper part of this bed may be classed as a true vol-
canic breccia, asit carries angular bits of andesite up to an inch
in diameter, scattered through a cementing material of fine-
gfa,ined L2 i PO
Soft, readily weathering, tuffaceous beds of an earthy-brown color.
Sandstones, white in color and forming long lines of tombstone-
- like flags, rising above the grassy slopes._............cecaenoaen
Dark, rusty-brown and black shale, seldom exposed..............

[BULL. 139.

Foet.

15
36
353
5
90

35

10

10

300

250
10

125

100
200

10
300
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Sandstone, resembling volcanic grits, but fine-grained and of doubt-
ful character.... ..o ooooenomn ool 50

Shale, light-brown in color and weathering readily to sott earthy
5 1 03 T 20
Brown shale, not well exposed. ....... e e e eme e e 135

Sandstone, gray, composed of the sorted grains of quartzose and
feldspathic material, rock being of Laramie type.............. 5

Shales; soft, shaly beds seldom showing their character either in

débris or in soil, and not exposed in this section. No traces of
coal were seen, although this must be Laramie ................. 1,950
Olive-gree°n sandstone, dipping 55° south ....................... 5

Impure sandstone, breaking into lamina one-half inch thick and
showing fucoid markings. . . coooeueoinn cneeeia e ieaaaans 45

Shales; weathered down and showing dark-colored, clayey débris. 280
Gritty sandstone that becomes a conglomerate in places. It resem-
bles the Dakota, but is finer grained, and the quartzite pebbles
are of many varieties.............o.iiiiiiliiiiiiiiiiiiiailaL, 5
Shales, which are not exposed ................... ceveerierenraas 220
Sandstone, well indurated, hard, yellowish on fresh fracture and
weathering gray. Forms very massive outcrop on mountain
slope, where it breaks into flags whose lines extend along the
slope. The rock is formed of well-sorted and fine-grained gran-

itie material- ... ..o .. iiiiiieieeeaas eeaeen 20
Shaly beds and sandstones, not exposed. . ... ......cicoaoiaaiao.. 55
Sandstone that is somewhat calcareous; contains impressions of

fossils; dip, 65°. v neee e el 8
Interval in which beds are not exposed...........ceeeeeeeennnnns 120
Sandstone, hard and vitreous, passing into quartzite; dip, 53°... 15
Shales, not well exposed except near the underlying beds, where

the rocks are gray and Argillaceous...................... ceeeen 112
Sandstone, fine-grained, well-bedded, dense, and of a brownish-

gray color ....... e 5
Shales and impure limestones and sandstone beds, whose character

is seen in the gopher heapings upon the slope.................. 430

Black shale, very soft, laminated, weathering to soft, black earths.
The slope formed by this shale is strewn with blocks of quartzite

from some higher ledge. .... .. ... ... ... 200
Red earths, formed by the weathering down of beds not exposed. 210
NO BXPOBIITO ..o e et i ean i ctac ceeeaeccee aaaancemae ceaecnas 165
Sandstone, gray, and breaking into flaggy masses................ 6
Red earths. ... ..o i it 12
Sandstone, quite massive, dipping at 65°; probably the source of

the quartzite blocks seen below............ ... ...l 5
Sandstone, generally soft and weathering down, so that good ex-

posures are not often seen....... .. ... . ... .ol L... 200

Quartzite, changing to sandstone, forming prominent ridge near
the summit of the slope. It forms a pine-crested cone that is
everywhere prominent. The rock is massive and crumbles under
weathering, and is in general indurated enough to be cdlled a
QUaTtzite ... . el 15
Above this sandstone there is an interval in which the beds are

not exposed, and then the massive Carboniferous limestones are

seen. It is probable that a fanlt occurs between this sandstone

and the white Carboniferous limestones, as the well-marked, green

shales of the Carboniferous are not seen,
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The foregoing section is given to indicate the variable nature of the
series, The rocks called sandstones do not, however, resemble the
sandstones of other formations. The grains are angular, formed of
fragments of volcanic rock or a variety of comminuted minerals, and
in some places grade into fine breccias. They are really water-laid
tuffs; the finer material forming the shales. Associated with these
tuffaceous sandstones there are, however, beds of conglomerate whose
pebbles are well worn and rounded, formed largely of voleanic rocks,
“diorite-porphyries,” but including a few pebbles of sedimentary rocks.
The relations of the Livingston are well known, the formation having
been studied over a very considerable area in Montana. It is quite
certain that the rocks represent a period of sedimentation following a
Laramie uplift, and record a long period of erosion.

The most interesting feature of the formation as developed in the
area under discussion is the occurrence of a bed composed very largely
of oyster shells—specifically identified by Mr. T. W. Stanton as Ostrea
subtrigonalis—a widely distributed species not heretofore known to
occur above the Laramie formation.

The relative position of this bed is seen in the following section of
the beds exposed between Hensley and Hamilton creeks:

Section of Livingston beds exposed on ridge between Hensley and Hamilton creeks, near
Castle Mountain.

N

Teot
Green tuffaceous 8hale .o.cvveeeeramoi i i iiiaiiiiaae., 200
Fine-grained tuffaceous beds, seldom exposed.;........cccvvvnnnn. 100
Dark-brown grit.. ... ceei e i e iie e e eenee 15
Mottled, impure, limy sandstone. ....ceeeoeeeeeiiiiiiiiiniiiann., 5
Shale, greenish-gray in color and of tuffaceous material.......... 15
L0451 7<) T 2
Alternating beds of brownish grits or sandstonee (coarse tuffs) -
and fine tuffs forming shales................... feereereiieea., 36
Gray tuffaceons shale ......o ...l 30
Coarse green and gray tuffaceous sandstones. ........ feeeaeaas 25
White hornstone rock . ... ... il 5
Alternating hard and less hard purple and gray tuffaceous grits.. 200
Tuffaceous grits, weathering readily.................... ... .. 75
Dark-purple tuffaceous earths and erumbly sands................ 60
’ Brown tuffaceous grits, breaking into small angular bits......... 30
Voleanic tuff or breceia, weathering brown.............._... ... 25
Tuffaceous sandstone, crumbling to brown, sundy débris ......... 135
Gray limestone, weathering brown............. ... .......... 2
Crumbly, brown, tuffaceous SAnASEONeS . oo oo ooee e 105
Limestone, dark-gray, weathering brown....................... . 1
Tuffaceous sandstones, crumbling to brown sand................. 62
Dark-blue, compact, cryptocrystalline limestone, weathering
DIOWN o e 1
Tuffaceous sandstones, brown, crumbly.. .. ... ... .o............ 140
Light-gray sandstone . _... ... . ... ... iiiiiiiiiiiiiiail 10
Limestone, blue, gumulfu‘ ....................................... 5

Tuftaceous sandstone.............. cevecaccarirsatanearrerrateran &0
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Feot.
Limestone, dark-blue, weathering brown........ceeveceenecane-- 2
Tuffaceous sandstones with bed of grit in center................. 200
Limestone ... ... oo it 1
Tuffaceous sandstones of varying texture.............c.oooiiuune 237
(070118 BT 1 R 5

This section shows a number of thin beds of limestone in the lower
part of the series, which were carefully examined for fossils, but with-
out success. ‘ ¢

The Livingston formation is not a coal-bearing horizon, but its beds
are of use as indicating the proximity of the coal-bearing Laramie
sandstones.

The overlying Fort Union beds, into which the Livingston passes,
also carry coal, but they are lignites, soft and crumbly,-and of no value
when the Laramie coals can be had. This overlying series consists.of
drab clays and loosely cemented, cross-bedded sandstones. It does
not occur in the Castle Mountain district.

. MIOCENE.
LAKE-BED DEPOSITS (DEEP RIVER BEDS).

The sediments deposited in the waters of Lake Smith cover a con-
siderable portion of the Castle Mountain area, filling the valley bottom
of the South Fork of Smith River and extending up the main stream
to the mouth of Fourmile Creek. Their exact extent at the last locality
and in the foothill country about White Sulphur Springs is difficult to
‘define, as the beds pass gradually into the fine, volcanic tuffs that cover
the lower slopes of the mountain. These lake beds are a part of the
sediments which cover the Smith River Valley for many miles north-
west of Castle Mountain. They were first described by Grinnell and
Dana! in 1875, and collections made from the valley were described by

Cope? in 1879 and later. The beds of this horizon were thoroughly
explored by the Princeton expedition of 1891, under the direction of
Prof. W. B. Scott,® who has published a memoir in which the abundant
fossil fauna of the lake beds is fully described.

Within the Castle Mountain area the lake beds are not so we]l devel-
oped as those found far northward in the valley. Below the mouth of
Newland Creek two horizons are readily distinguished by their litho-
logical character, and they differ even more markedly in the fossils
which they contain, and, according to Professor Scott, they are sepa-
rated by a probable unconformity. The lower beds consist of a series
of well-indurated, cream-colored clays, which attain a thickness of
some 200 feet. The line of separation between this underlying forma-
tion of clays and the overlying less-indurated sandstones and conglom-
erates is in some places very ‘well marked. The upper beds consist of

1 On the new Tertiary lake basin: Am. Jour. Sci., 3d ser., Vol. XI.
2Bull. U. 8. G. and G. S., Vol. V,1879. Am. Naturalist, Vol. XX, p. 369, and Vol. XXI, pp. 456, 457.
8 Trans. Am. Philos. Soc., Vol. XVIII, 1895, pp. 55-185.
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rather incoherent strata, much cross-bedded and greatly resembling
the Pliocene lake beds so common in the mountain valleys of Montana.
They are composed of more or less waterworn material, varying from
fine siliceous marls to large pebbles, and forming beds of silt and con-
glomerate. Within the limits of the area described in this bulletin,
this upper series of beds is the one which is shown upon the map, and .
the lower horizon has not been differentiated. The strata are of
heterogenous nature and vary rapidly in kind and composition.
Loosely compacted sands and layers of pulverulent volcanic dust, com-
posed mainly of fine glass fragments, alternate with conglomerates and
marly, tuffaceous limestones. The coarser sediments show cross-
bedding, and the conglomerates are often merely lenses of coarser
material occurring in the sandstones. The prevailing colors are
white, light-gray, or ‘faint-chocolate, and the exposures are always
light and conspicuous in tint. The beds being porous, the areas
covered by them are generally arid wastes on which sage-brush and a
scanty growth of grass form the only vegetation.

Exposures are seen only along the streams and valley bluffs, the sur-
face being concealed by soil and the recent wash from the neighboring
slopes. The greater part of the area south of White Sulphur Springs
is a gentle slope of flat bench-land but little elevated above the marshy
meadows of the South Fork of Smith River, and so nearly horizontal as
to suggest the dry bed of the old lake itself. It is an area that is dry
and barren, but capable of cultivation if irrigated. In general char-
acter the deposits of Lake Smith greatly resemble the lower part of
the Tertiary of the Great Plains area, and the lake beds rest upon the
eroded edges of all earlier formations, from the Belt shales of the Algon-
kian to the volcanic grits of Livingston age. In the vicinity of Castle
Mountain the finer-grained beds are very largely formed of particles -
of volcanic glass. They are in part due to ash showers whose fine
dust fell upon the waters of the lake during the activity of the Castle
Mountain volcano, and are, no doubt, mostly formed of the same loose,
incoherent material washed down and carried by the streams into the
waters of Lake Smith.

‘Within the immediate Castle Mountain region the beds have not
proved fossiliferous, although Grinnell and Dana found rhinoceros
bones 2 miles south of Moss Agate Springs, a locality somewhere near
White Sulphur Springs. The collections of vertebrate remains obtained
by Professor Scott are of especial interest in this connection, as they
furnish undoubted evidence as to the precise age of the beds in which
they occur, and as these beds were formed of the material furnished
by the Castle Mountain volcano, the fossils may be accepted as evi-
dence of the exact age of the period of volcanic activity. Of the two
horizons differentiated by Professor Scott, the lower is character-
ized by fossils which are of Lower Miocene [John Day] types, and the .
upper by a grouping of remains which place it at the base of the
Loup Fork epoch of the Upper Miocene, of which they form a well-
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marked subdivision, a subdivision which is not knownin other regions.
The European equivalent of the upper series of beds appears to be the
Upper Miocene of Sansan and Simoore. The following species of mam-
mals were found by Professor Scott in the lower or John Day series of
beds: ’

Cynodesmus thodides Scott.
Steneofiber montanus Scott.
Ce@nopus ep.

Miohippus annectens? Marsh,

M. anceps? Marsh.

M. (Anchitherium) equiceps? Cope.
Mesoreodon chelonyx Scott.

M. intermedius Scott.
Pebrotherium sp.

Hypertragulus calcaratus Cope.

The upper beds (Loup Fork) present a very different assemblage of
species. The list given by Professor Scott, which combines the col-
lections made by the Princeton party and those previously gathered by
Professor Cope’s assistant, contains the following species:

Canis? anceps Scott.
Chalicotherium? sp.
Aphelops sp.

Miohippus sp.

Anchitherium equinum Scott.
Desmatippus crenidens Scott.
Protohippus sejunctus Cope.
Protohippus (Merychippus) insignis Leidy.
Merychyus (Ticholeptus) zygomaticus Cope.
M. pariogonus Cope.
Merycochorus montanus Cope.
Cyclopidius sinus Cope.

C. emydinus Cope.

C.incisivus Scott.

Pithecistes brevifacies Cope.
P. decedens Cope.

P. heterodon Cope.

“Protolabis sp.

Procamelus sp.

Blastomeryx borealis Cope.

B. antelopinus Scott.
Mastodon proavus Cope.

Professor Scott, in speaking of these remains, says that “the lack of
small animals in the collections is very noticeable. The lower beds
have yielded but one rodent, and the upper none at all. Only two
carnivores, both dogs, have been found. Nomne of the Insectivora or
Chiroptera have been detected. The fauna, so far as known, consists,
therefore, almost entirely of medinm and large sized ungulates,” includ-
ing Protohippus, Miohippus, and Mesohippus, with a new genus of
equines which fills the gap between the two earlier forms, several rhi.
noceroses, camels, a mastodon and other Probocide, together with
many ancestors of our present species of ungulates.



CHAPTER V.
IGNEOUS ROCKS.

In this chapter it is proposed to give an account of the mode of
occurrence of the igneous rocks and their relations to each other and
to the sedimentary rocks with which they occur, together with a more
detailed description of ,such localities as are of especial interest.

‘The petrographic and chemical investigation of the varied rock
types is deferred to the following chapter, while the general discussion
of the petrologic history of the distriet, founded upon the facts observed
in the field and those brought out by research in the laboratory. will be
given in a still subsequent one.

In pursuance of this plan it has been deemed best to divide the
rocks into such natural groups as are found by observation to occur in
the field—a classification dependent partly on chemical differences in the
magmas from which the rocks originated, and partly on their mode of
geological occurrence, the last factor having determined, in a general
way, the physical forces conditioning their crystallization and textures
and thereby their independence as rock types. As has already been
stated, in the Castle Mountain mass we have to deal with a greatly
eroded and degraded center of volcanic activity. It is, in fact, to use
the apt term for such occurrences, a ‘dissected” volcano. As a nat-
ural sequence of this fact, there are presented all the different types of
crystallization and structure possible for an igneous magma to assume
under the most varied conditions of cooling and pressure. Unlike,
however, the great massives of the Crazy Mountains immediately to
the southiard, there is no such complexity and variability in the chem-
ical and mineral nature of the rocks, except in a comparatively few
instances to be noted later. In general, the rocks have been derived
from a highly siliceous magma, rich in alumina and alkalies and poor
in other components. Therefore the great majority of them belong to
the granite family, which, for the reasons just given, exists in every
typeof structure and development, as granite, granite-porphyry, quartz-
porphyry, rhyolite, rhyolitic obsidian, and rhyolitic tuffs and breccias.
Associated with these, but in much smaller amount, there are a pecu-
liar augite-diorite, porphyries passing into porphyrites, lamprophyric
rocks in dikes and small intruded bosses, and flows of basalt. All of
these rocks belong historically to what may be termed a single geologic
time-phase of volcanic activity, and with a few exceptions all the other
rocks of the district are clearly of sedimentary origin.

Although Castle Mountain no longer presents the slightest remnant
of a volcanic cone, the fact that such a cone formerly existed and that

active igneous agencies were here at work is strikingly apparent upon
56
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an examination of the region; it is advisable, therefore, to consider
brietly the evidence, in order that we may better understand the natural
grouping of the rocks that follows. It should be borne in mind that
of all the varied formations to which geologic agencies may give rise,
none are more ephemeral, speaking in a geologic sense, than the ex-
terior products of volcanic activity. Thrown out and piled up in a brief
period of time, volcanic materials, from their loose and incoherent state
and their frequently fragile and perishable nature, are most quickly
eroded and carried away, or metamorphosed by the various forces that
act upon them from the moment of appearance. The failure to recog-
nize this fact has often prevented the recognition of their former occur-
rence in many districts.

Imagine that in a region of already folded and tilted sedimentary
strata, thereis formed a center of eruptive activity which passes through
its various life phases and becomes extinct, and that the mass thus
produced is then greatly cut down by the forces constantly striving to
bring it to baselevel; it is evident that at the center there would be
exposed a core of massive igneous rock representing the former con-
duit, surrounded by sedimentary rocks more or less altered from contact
metamorphism, intruded by sheets of igneous material, and cracked
and filled with radial dikes, The effusive and ejected matter would be
found at a greater distance, with a more or less roughly annular dispo-
sition, lying upon the outer slopes of the general mass, and itself cut
by erosion into varied topography. Such a theoretical disposition
would, of course, be greatly modified by attendant circumstances, which
need not be further enlarged upon. '

. Just such an arrangement of rocks and material is presented 1 .a
general way by the Castle Mountain mass, as may be seen by reference
to the map (PL III). Thereis acentral core of granite surrounded by
upturned sedimentary rocks which are as a rule more or less highly
metamorphosed and injected with numerous sheets of porphyry, and
in places cracked and filled with dikes, Turther from the center and
forming the foothills in considerable part, though chiefly to the east
and north, are masses of rhyolite and rhyolitic obsidian, filling at times
hollows in older eroded valleys and resting uncomformably upon the
strata, while other exposures are those of breccias and rhyolitic tuffs,
the breccias themselves being overlain in places by rhyolite and cut by
dikes.

Such, briefly presented, are the evidences of the former volcanic.
nature of the Castle Mountain mass, and the resultant rocks fall natur-
ally into the following groups, according to which they will be treated:

I. Massive plutonic rocks of the central mass.
II. Porphyritic rocks of the intruded sheets and dikes.
III. Extrusive rocks in lava flows,
IV. Tuffs and breccias.
V. Igneous rocks of the district not belounging to the Castle

Mountain center, .
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I. MASSIVE PLUTONIC ROCKS.

The massive plutonic rocks of this seat of igneous activity are rep-
resented by granite and a peculiar augite-diorite, and they occur in two
distinct and separate areas. -

v

GRANITE.

This rock composes the main portion of Castle Mountain, and, as may
be seen by reference to the map, its exposure forms a rudely elliptical
area about 8 miles long in its greatest diameter and about 4% miles
broad. It forms the solid central core of the mountain, and, as has
been shown by the description of the topographic form, it is weathered
to a low dome-shaped mass, presenting none of those sharply serrated
peaks and spires which are geunerally so characteristic of the erosion
of granitic masses in the younger mountain chains. In part, at least,

“this is due to its texture, which is, in general, for a granitic rock, rather
loose, and filled with miarolitic cavities, thus leading to casy weather-
ing and decay. Nowhere, indeed, does it present that solid, heavy,
massive, coarse-grained texture which is generally characteristic of
the older Paleozoic and pre-Paleozoic granites—a fact which is in part
due to the erosion which has cut these older Plutonic rocks down to .
deeper levels, where the material has solidified more slowly and under
greater pressure, and, in part, to the action of the great dynamic forces
of the orogenic processes which bhave compacted them, closing at the
same time all of their miarolitic cavities. The Castle Mountain granite
might be compared to the lighter, somewhat spongy form that certain
metals assume when merely cast from the melting pot, while these
older granites are more like the denser, tougher form the same metal
assumes when hammered and rolled.”

The term granite is applied to the whole of this great intruded stock,
partly because it is composed mostly of granite, the magma in solidify-
ing having commonly assumed the granitic texture and minerals, and
partly for the sake of convemence‘, because the mass is a geologic unit.
Nevertheless, within compar ajclvely short distances there are passages
into finer-grained porphyritic fomps, which, in accordance with the pre-
vailing German usage, would be termed granite-porphyry. The whole
mass shows, indeed, in all places|a strong tendency toward a porphy-
ritic structure—a fact which will be more fully discussed later.

In general, the granite area presents a smooth, gently contoured sur-
face, diversified: by open, grassy meadows, alternating with groves of
pines and with few prominent ouitcrops. About the margin, however,
the rock is harder, tougher, and more compact, and breaks into great

" cubes and blocks, which strew the surface. It is especially around the
margin that the craggy castellated piles occur, which, as previously
mentioned, have given the mountam its name. In places these crags
rise sharply from the otherwise even slopes and project above the forest

l
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growth like towers. They do, in fact, often most strongly resemble
ruined castles, the regular jointing of the mass giving an effect of
broken walls of heavy masonry. They are shown in Plate V, which
gives an excellent panoramic view of the margin of the granite area,
presenting the general character and jointing of the rock, but which
does not show the castellated character of the crags as well as it is
sometimes seen.

The height to which these crags rise above the slopes on which they
are situated varies considerably, but in general it is not more than 40
to 50 feet. When occurring on the very rim of the mass they often
descend sharply 6n the outer side to much greater distances, commonly
into a,ravine. Areas on the mountain are also covered with rock piles
formed from the natural falling apart of the jointed mass.

The jointing of the granite varies considerably, being in some places
in broad, thin plates, and in others in large, rude parallelepipedons or
sphenoids, often with incurved faces, the size of the blocks thus formed
varying within a wide range from 10 feet long to as many inches. A’
feature of the granite, particularly in those areas where it passes into
a granite-porphyry, is the presence within it of spherical masses, which,
on exposed surfaces, by a difference in grain, and also at times in color,
are sharply differentiated from the general mass and become noticeable
to theeye. They vary greatly in size, from many feet to a few inches
in diameter. They are more fully described in the petrographical por-
tion of this work.

Asis common in all such granitic masses, it is cut by many white
veins or dikes of fine-grained aplite, which are generally but a few
inches in width.

It can not be supposed that this huge mass as a whole represents
merely the filled up and consolidated canal of an old volecanic throat.
It is not only too Iarge to lend color to such a supposition, but the effu-

. sive mag$ses which lie outside of it are too small in amount to represent
what would in such a case have been a volcanic center of enormous
size. It is much more reasonable to conceive that it was originally a
huge intruded mass, and that at some point, breaking through the sedi-
mentary cover which has since been removed by erosion, there was
then started an outlet for the effusive and projected material.

‘We have been unable to locate this point precisely, but from the fact
that the flows of rhyolite are confined almost entirely to the eastern
half of the district, it seems reasonable to suppose that it was situated
somewhere along the eastern portion of the mass. The amount of dis-
section, or, in other words, of denudation, has been 80 great that it is
impossible to reconstruct many of the finer details, such as others have
found it possible to reconstruct in similar districts.

Bvidences of intrusion.—Evidences of the intrusive nature of the
granite are everywhere apparent. Kxcept upon the western slopes,
where the beds dip steeply away from the central core, the granite
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abruptly cuts off the sedimentary strata and abuts against beds of all
ages. At a number of localities sheets of porphyry intruded into the
stratified rocks are traceable to and into the main granite mass. More-
over, the granite area is everywhere surrounded by a ring of altered,
metamorphosed sedimentary rocks, whose alteration is greatest near the
granite and decreases with distance from it.

The abrupt cutting off of the sedimentary beds is well shown about
the head waters of Alibaugh Creek and also near the town of Castle.
At the latter place the workings of the Cumberland mine show that the
plane of contact has here an inclination of 55° away from the center of
the granite mass. One of the best exposures where the intruded sheets
of porphyry may be traced into the granite is seen in the section on
upper Fourmile Creek shown in the diagram, fig. 7. The valley is deep
and narrow, and in places thickly timbered with small pines (see Pl
VII). The steep slopes are in other places covered with slide rock.
Through the upper part of the valley, which has a rapid downward
slope, the ereek has cut a small, narrow canyon in the valley floor, the
canyon being in places 30 feet or so in depth (see P1. VIII). Through

Fic. 7.—Diagram showing tilting of the sedimentary beds by the intrusion of sheets of porphyry
from the granite stock, seen on upper Fourmile Creek.
this the stream has a rapid, torrential course, carrying down bowlders,
logs, and other drift material. Thus the walls are in general seraped
bare and afford good exposures of the rocks. Where the stream
crosses the contact with the Belt shales, which dip downstream at an
angle of £0°, the latter are split by intruded sheets which project from
the granite. Two such, each several feet in thickness, are beautifully
exposed at the contact, while others alternate with the Belt formation
in ascending the stream to this point. The granite, which is porphyritic
and is in fact near the contact a coarse-grained granite-porphyry, rap-
idly grows denser in grain as it passes out into the sheets, where it
eventually assumes the texture and structure of a quartz-porphyry.!
To further add to the interest at this point, a photograph of which
is given in Pl IX, both the Belt shales and the intruded sheets of
porphyry are cut across at right angles to the course of the stream by
a lamprophyre dike of augite-vogesite some 5§ feet in width. The

IThe terms porphyry and porphyrite are used in this work to designate, without reference to their
age, such dense holocrystalline porphyritic rocks as are found in intrusions.
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nature of the exposure is such that the passage of the granite out into
the intruded sheets and the torn and opened ends of the sedimentary
beds can be seen in one continuous exposure.

Other examples of the connection of the intruded sheets with the
granite mass may be seen in various localities, though in none are they
so.well exposed as in that just mentioned. While the abundance of
these intrusive sheets at Castle Mountain forms a striking feature
of the general geology, the paucity of dikes is noticeable, and few dike-
like apophyses of the granite cutting the adjacent rocks have been
observed.

DIORITE.

This stock of intruded rock, as shown on the map (P1. III), is a rudely
circular mass about a mile in diameter, with an apophysis thrust out to
the northeastward, through the middle of which the upper waters of
Bonanza Creek have cut a deep ravine. The mass possesses the coarse
grain and solid texture typical of an abyssal igneous rock which has
solidified under great pressure. Nevertheless, at its outel edge, and
especially toward the western border, as typically shown ih the expo-
sures on the hill above Blackhawk, west of the Legal Tender mine, it
passesinto a denser form and beComes porphyritic. - It then weathers
out into crags, and has a Jomtmg in all respects like the granite, pos-
sesses similar spheroidal masses with a circular parting and denser
grain, and in every way shows its con sangumlty and genetic relation-
ship to the neighboring granite mass.

The coarse-grained central portion of the intrusion seems to weather
away most easily. Indeed, as shown in a prospector’s trench on the
open meadow crossed by the wagon road from Blackhawk to Robin-
son, it is in places thoroughly rotted by superficial decay to a soft
crumbly mass, easily disintegrated between the fingers. Somewhat
deeper, however, it is beautifully fresh and well preserved, as shown by
the material thrown out from a prospect shaft in this meadow to the
southeast of the present road. The material exposed by the cutting
made for the road just above Robinson is also very fresh and unaltered.

The character of this rock changes toward the outer edge, becoming
steadily more siliceous until at the boundary it assumes the compo-
sition of a quartz-diorite-porphyrite, though rather low in quartz. It
is abundantly cut by aplite and quartz-porphyry dikes which have the
composition of the granite, as will be shown later. Some of these
dikes may be seen as low, small ridges crossing the open meadow and
the wagon road just mentioned, with an east-and-west trend, which if
prolonged would carry them into the granite mass. A fine example of
the aplite dikes may be seen among the material thrown out at the
prospect shaft- mentioned above, the pale-yellow color and fine grain
of the narrow dike contrasting strongly with the dark-gray, coarse-
gramed diorite.
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The exact relation between this intruded stock and the great granite
mass is not absolutely certain, since they nowhere come into contact,
being separated by a large Dblock of upturned Belt shales full of
intruded sheets of porphyries, as-shown on the map. Since, however,
it is cut by numerous dikes which trend toward the granite and have
its exact chemical and mineral nature, while the granite is not cut by
dikes of rock of the nature of the syenite, as well as for other reasons
which will be discussed later, it is assumed to be the older of the two.
This assumption seems also to accord with recent chemical work in
general petrology, and while no further evidence can be adduced in
favor of it, it serves as a working hypothesis for the explanation of the
geologic history of the district, and best accords with all the facts
observed.

CONTACT METAMORPHISM.

The intrusive masses of Castle Mountain have strongly marked their
entrance into the sedimentary beds by the amount of metamorphism
which they have effected The Belt shales near the contact are baked
into tough, hornstone-like rocks with an extremely dense grain and
conchoidal or splintery fracture like that of jasper. They have lost
their fissile character and have a coarse jointing, so that under +he
blow of the hammer they break up into rhombohedra of irregular
" shapes. Instead of the black or dark-gray color so frequently shown,
they are chiefly reddish or greenish in tone, with a banded appearance,
which is all that remains to distinguish- the former bedding planes.
They resemble strongly certain varieties of adinole formed by the con-
tact action of intruded diabases on the slates of the Hartz Mountains
in Germany. - '

Nowhere in the metamorphic zone has there been observed that kind
of contact metamorphism which produces in clay-slates a regular spot-
ting of the metamorphosed rock due to the formation of small nodules
made up by collections of minerals, and which is a common phenome-
non to be observed in the metamorphism of clay-slates.

The metamorphism is most clearly seen, of course, in the immediate
contact with the igneous rock. The changes become less perceptible
in passing outward from it, and so gradually that no exact lines can be
drawn between the altered and unaltered areas. The width of the
metamorphic zone varies somewhat in different localities, according to
circumstances. It is, however, nowhere very great, a quarter of a mile
fully sufficing to carry one into the area of unaltered shale or slate.
Considering the great size of the granite intrusion, this is a rather
narrow zone. The reason for this is perhaps to be found in the fact
that, as already shown, the granite area does not represent in its entire
mass the filling up of a previous volcanic conduit, but is largely a
single intrusion. Around volcanic throats, metamorphism is apt to be
intense from the continued supply of heated material from below, while
in a single intrusion the heat is only that initially furnished. Thus in
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the latter case the amount of metamorphism may be small, and indeed,
as has been shown in the case of some laccolites, may be nearly wanting.
The result is also dependent upon other factors, such as the mineraliz-
ing vapors of water, fluorine, etc., whose presence in greater or less
amount would naturally influence the result. .

The valley of the main upper fork of Fourmile Creek (see Pl. VII),
which has been previously mentioned as evidencing the connection
between the granite and intruded sheets of porphyry, is one of the best
localities showing the metamorphosed character of the Belt formation
{see P1. VIII). The heat and vapors from the great number of intruded
sheets has, without doubt, also aided this action. The steep slopes of
this valley, in places often thickly covered by dense growths of small
pines, and in others open and covered with slide rock, show numerous
exposures of the sedimentary strata. These outcrops are formed of
hard, dense, and jagged rocks.of the character already described, and
differ most strikingly from those of other areas shown on the map,
where the Belt shales are unacted upon by contact metamorphism. At
such places smooth, rounded slopes prevail and actual outcrops are
difficult to find, only the soil, filled with fine fragments of disinte-
grated shales, showing the country rock beneath. Outerops and con-
sequent topography of a kind similar to that on Fourmile Creek are
also found around the upper head valleys of Cottonwood and Willow
creeks; descending from the smooth upper slopes of the granite, the
streams immediately cut deep ravines in the metamorphosed sedimen-
tary zone, and these widen out into smooth open valleys as they enter
the softer, unaltered shales of the Belt formation. - .

The action of the intruded masses upon the limestones with which
they come in contact is also marked, though that produced by the
diorite area is much the more so. Thus, at the divide at the head of
the eastern upper fork of Willow Creek, in thé neighborhood of the
Grasshopper mine, the Silurian (%) limestones are brought against the
granite, and within a few rods they show considerable alteration in
color and crystallization. In other localities, as at the Cumberland
mine above Castle, the limestones are greatly altered, partly, also,
from intruded sheets and from hot minera,lizing solutions which have
deposited the ores within them.

The most striking effects produced upon the limestones by the igne-
ous intrusions are to be found in the neighborhood of Robinson and of
Blackhawk, where the metamorphism is due to the diorite mass. The
limestone hills around both of these localities have been bleached and
whitened into marble, which is, in places, as in the road-cutting opposite
Blackhawk post-office, very coarsely granular, yielding broad cleav-
age plates of calcite an inch or more across. In places, also, various
silicate minerals, such as garnet, phlogopite, vesuvianite, and pyroxene
are to be found, due to the metamorphic action upon the silica and
alumina of the former sand and clay mixed with the impure limestone,

‘
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containing lime, magnesia, and iron. Excellent examples of this are
found in the material thrown out of the prospect shafts on upper Bonanza
Creek, a little below the point where the present wagon road from Black- -
hawk to Robinson leaves the stream.

Itis in the areas of altered limestone that the deposits of ore which
have made the Castle Mountain region so well known in Montana are
found. This phase of the subject will be more fully treated in the
chapter on the mining resources of the district. The fact, however, is
prominently brought to one’s attention in viewing the country below
from any of the high spurs of the mountain which give an outlook to
the eastward. That the contact rock is the place to seek ore has been
well known to the miners and prospectors, and this fact has cansed
these areas to be thoroughly explored. Looking across the country
the contact line on every ridge may be seen, marked by the white heaps
of impure marble thrown out from the prospectors’ trenches.

II. INTRUDED SHEETS AND DIKES OF PORPHYRY.

In parts of the Castle Mountain area intruded sheets occur in such
great number that it has been found inipossible to depict them all upon
a nap of so small a scale, and hence, in some portions of the district,
the sheets shown on the map should be understood as representing a
much greater number. Especially is this true of the upturned block
of Belt shales which separates the granite and diorite areas. The open
hill between the heads of Fourmile and Checkerboard creeks is crowded
with these sheets, only a few of which can be shown on the map. They
range in thickness from a foot to 3 or 4 feet. - Their connection with the
granite in the Fourmile Valley below the hill has already been men-
tioned. The mountain spurs above Castle are full of intruded sheéts,
as are also the hills above Blackhawk in the metamorphosed limestone
and Belt slates. Sheets of porphyry derived from the granite mass
also occur in considerable numbers in the Cretaceous beds below the
town of Castle. At this point the strata are steeply upturned, and the
greater resisting power of the igneous rocks to weathering processes
causes them to stand up in combs crossing the ridges. As a rule the
intruded sheets of the region do not extend far out from the central .
core, but are confined to the immediate vicinity of the granite mass.
The absence of intrusive sheets in the upturned rocks along the west-
ern flank of the mountain is to be explained partly by their attitude.
These sheets all show little if any folding subsequent to their injection.

As previously mentioned, segregated masses occur in the granite and
diorite areas, which differ from the inclosing rocks in composition and
texture. From certain observed facts it seems evident that similar
masses exist also in' the intruded sheets and in extrusive lavas. In
these, however, they do not possess the spherical form, but appear to
be drawn ont into flat, lenticular, or spindle-shaped bodies, as if,
having formed while the molten masses were still in a very liquid
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condition, they had been stretched, when the intrusions and flows
occurred, with a more stiffly viscous material. Thus when the outcrops
of flows or the edges of upturned sheets occur, at first sight these seg-
regated masses appear like dikes cutting them, and their real nature
is to be seen only after a more detailed study of the exposures. This
simulation of a dike is often aided by a difference in the weathering
and erosion of the varying rock masses, which causes either the main
rock or the inclusion to be prominent.

DIKES.

Comparatively speaking, there are not many dikes to be found in the
Castle Mountain area, and consequently those that occur play but an
insignificant role in its structural geology and .in the formation of its
topography. There is thus a marked difference between this region
and that of the neighboring Crazy Mountains, whose vast and compli-
cated system of dikes forms so marked and distinguishing a feature of
its geologic structure. The explanation of this fact is probably to be
found in the circumstance that eruptive activity began to manifest itself
in the Castle Mountain district after the sedimentary strata had been
already upturned and eroded, as previously pointed out. Thus areas
and lines of weakness already established became the seat of intrusions,
which therefore took place without extreme shattering of the strata
and consequent formation of dikes. It will be noticed that those which
do occur have a general radial disposition with respect to the central
mass, @ phenomenon often observed in other regions where they are
more numerous around eruptive masses.

Those which are fount, however, illustrate very well several points of
interest which render them worthy of a detailed description. They may
be briefly divided into two classes—dikes of acidic and of basic rocks,
the former rich in silica, alumina, and alkalis; the latter poor in silica
and distinguished by large amounts of lime, magnesia, and iron oxides.
Thus the molten masses forming the dikes of the first class have crys-
tallized into rocks composed chiefly of feldspar, often with accessory
quartz and with small amounts of mica or hornblende.

Acidic dikes.—The rocks of these dikes are light-colored porphyries
" with large phenocrysts of feldspar. According to the different phys-
ical conditions under which they have cooled and crystallized, they
have assumed various textures, and are to be distinguished as micro.
granites, granite-porphyries, quartz-porphyries, and feldspar-porphy-
ries, often grading into porphyrites by an increase in the amount of
soda-lime feldspar. Examples of the microgranites are found in the
narrow dikes cutting the diorite, the rocks having the composition of
the main granite mass. Types of the granite-porphyry are found in
the big dike, 12 to 14 feet wide, which cuts the tilted Belt shales on the
‘mountain side on the main head of Fourmile Creek, and which forms
80 conspicuous a feature of the view looking up this valley from the
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point where the present road from White Sulphur Springs to Castle
leaves Fourmile Creek as it makes its abrupt turn to the southward
(see P1. I11, geologic map, and P1. VII). The Belt shales, which are here
indurated and altered, have been eroded so much faster than the dike
that the latter rises for a long distance above the bteep slope in a great
wall 20 to 30 feet high and 12 feet broad.

Another example is found in a somewhat similar dike which has also
been brought into prominence by erosion, and forms a wall seen upon
the hillside north of the present road from White Sulphur Springs to
Castle, a short distance above Reed’s ranch on Fourmile Creek. This
dike has cut through the Cambrian limestones,which, by the action of its
contact, have been for some distance whitened into marble. The rock
itself is distinguished by the large porphyritic erystals of orthoclase
" feldspar which it carries and which become smaller and nearly disap-
pear at the contact. A dike of exactly the same kind of rock, with
similar large phenocrysts, appears on the hill to the northeast of the
one just mentioned, and it may, indeed, be its continuation, though
positive proof on this point is lacking.

A dike of porphyry, 30 feet wide, is seen cut;tmg the green Carbonifer-
ous shales a short distance below Reed’s ranch on Fourmile Creek.
The rock belongs to the acid series of dikes and has produced but little
alteration in the adjacent shales.

Dikes of porphyry, inclining to quartz-porphyry, also cut the diorite
mass, as shown on the map. (PL IIL) They appear as low ridges
cutting across the grassy slopes of the upland meadows, through which
the present road from Blackhawk to Robinson passes. The rocks of
which they are composed are greatly weathered, so that their exact -
nature is uncertain.

Three parallel dikes of porphyry are to be found cutting through the
upturned Cambrian limestones which form part of the western limb of
the synclinal fold to the northeast of Blackhawk. They are reddish
rotks, and at a distance appear clearly as low walls about 5 to 6 feet
wide, crossing the light-colored limestone hill. They trend to the
northeast and eventually die out in the Dakota sandstones and shales.
In composition they are feldspar-porphyries passing into porphyrites.

Porphyry dikes are also found cutting the altered sedimentary rocks
near the. granite contact northwest of Castle, between that town and
Alibaugh Creek. Another dike of similar character occurs on the slope
west of the stream.

In passing over the hill, the road from Blackhawk to the mouth of
Checkerboard Creek follows the'most southern of these dikes in
descending to the level Cretaceous flat of the trough of the syncline.
It is noticed that these dikes have effected almost no contact meta-
morphism in the adjacent limestones.

Dikes of somewhat similar rocks are also found in the upturned Cre- -
taceous beds below the town of Castle. It is also probable that the
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tilted masses of Belt shales which rest against the granite on the norta-
east side between the granite and diorite and to the north of the latter
are cut by acid dikes as well as filled with intruded sheets. These
areas have been most extensively prospected by the miners, and the
mines of Robinson and Blackhawk are mostly to be found in them.
In some of the prospect shafts contacts of igneous rocks with the sedi-
mentary strata are to be seen, which would indicate dikes both of ac¢id
and basic varieties, but the exposures at the surface are either covered
or of such a nature that they do not afford positive evidence.

Basic dikes.—Dikes of the second or basic class are rarer. They form
heavy trap-like rocks of a black, dark-gray, or greenish color, are
usually dense in texture, and carry porphyritic crystals of mica, augite,
hornblende, or olivine. They belong to that class of rocks to which the
name “lamprophyre” has been given, and which are to be found in close
connection with areas of eruptive volcanic activity. Usually they are

found to be the very latest phenomena of intrusion and cut the other
volcanic rocks with which they come in contact. This is also the case
in-the Castle Mountain district, though, as they are few in number and
extremely subject to subaerial decay, only a few such instances have
been observed. For this reason, as pointed out by Iddings,! when these
rocks have reached the surface and formed lavas they are among the
first of the volcanic products to be carried away by denudation. As
erosion has been so extensive at Castle Mountain, such extrusive
masses, if they formerly existed, have been mostly carried away; yet
this has not been invariably the case, and we will endeavor to show
later that in some cases, at least, the extrusive equivalents of these
lamprophyres still exist. ' ’

Vogt®? has recently pointed out that such basic rocks are liable to
carry sulphide ores as masses segregated from the molten magma.
Instances of this have also been observed at Castle Mountain, asin the
case of the Little May prospect shaft, where chalcopyrite oceurs in such
a dark-greenish decomposed rock. The prospectors, indeed, seem to
have a practical knowledge of this, since it is observed that wherever
these rocks occur they are apt to be extensively prospected, especially
if somewhat decayed, since they are then more easily worked.

It is well known that under atmospheric and aqueous agencies these
rocks are liable to two kinds of alteration. In the first they become
rich in carbonates; in the second kaolin is formed, often to such an
extent that of the dike only a mass of clay is finally left. This latter
process seems especially true of that variety of lamprophyre rocks
which consist chiefly of orthoclase with much biotite, and which are
known as minettes or mica-traps. These are not found in the Castle
Mountain district, and the alteration of such Jamprophyre dikes as do

10rigin of igneous rocks: Bull. Philos. Soc. Washington, Vol. XIT, 1892, p. 168.
2 Zeitgchrift f. prak. Geol., Vol. I, 1893, p. 4 et seq.
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oceur is of the first class—the alteration into carbonates, especially
calcite.

One example of these dike rocks is found on the west side of Willow
Creek, where the dike has a northerly trend and cuts somewhat altered
Belt shales not far from the margin of the granite mass. It occurs ina
little saddle below an irrigation ditch which carries water from Willow
Creek down a dry gulch to the plain to the westward. It has been
prospected, and some fresh material has thus been thrown out. The
rock is black and heavy and contains crystals of yellow olivine; it con-
sists chiefly of angite, and is related to the monchiquites. On upper
Fourmile Creek, a view of which is shown in Pl IX, is another fine
exposure of a lamprophyre dike. This view shows the east wall of the
little gorge cut by the creek. A sheet of quartz-porphyry, 30 feet
thick, is underlain by 20 feet of dark-gray and purple, much altered
Belt shale, dipping 20° downstream, and resting upon a porphyry
sheet that is an extension of the granite mass. These rocks are cut by
a dark-colored dike 54 feet wide.

Another dike of basic character is found crossing Fivemile Creek
above the limestone canyon. It cuts the rhyolitic breccias which form
the stream bluffs and the limestones that form the slopes to the east.
The rock is so greatly altered and decayed, however, that its precise
petrographic nature, beyond the fact that it belongs in this class, can
not be determined. :

Another dike of a similar nature is found in the Cambrian strata on
the hill north of Fourmile Creek, at the point where the stream turns
to the westward. Its trend is such that it must intersect the large dike
with big feldspar crystals previously mentioned, but the intersection is
not exposed, and their relative ages can not be determined..

That the peculiar basic magmas which form ‘the rocks of this class
need not necessarily occur only in dike form, as has been urged by some
authors, is well shown by a massive intrusion in the shape of a small
stock just below the mouth of Fourmile Creek. ' Smith River has cut
through the mass and laid bare excellent exposures. This intrusion
has occurred in Cambrian limestones, but the contact is clearly defined
only on the north side; elsewhere the limestones have been covered
with rhyolitic tuffs and the alluvium or lake beds formed by their wash.
Where the contact is exposed the mass is seen to have locally altered
the adjacent limestones by contact metamorphism. The rock is dark-
gray in color, fine-grained in texture, and carries phenocrysts of biofite.
It consists chiefly of biotite and orthoclase and is most nearly allied
to those rocks of this class which have been called minettes.

Besides these dikes which have been mentioned and which all belong
to the Castle Mountain center of eruptive activity, there occur in the
Cretaceous strata in the southeastern portion of the district a number
of dikes whose genetic eharacter is quite distinct from them. Some of
them belong to the Crazy Mountain period of activity, and by their
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mineral and lithologic character may be readily referred to Crazy
Mountain types. One such has been covered, after former erosion, by
the great rhyolite flow to the southeast of the diorite area. Others, -
owing partly to their mineralogic eharacter and partly to their decayed
condition, are of uncertain origin. Such, for instance, is one whose
outcrop branches and winds in a most curious manner, cutting the
Cretaceous strata and intruded sheets of the theralite south of Bonanza
Creek, about two miles above the Musselshell River.

III. EXTRUSIVE ROCKS OR LAVA FLOWS.
RHYOLITE.

These occur only in the eastern half of the district, as may be seen
by reference to the map (PL III). They consist of two varieties of rock—
rhyolite, the effusive equivalent of the granite, and basalt. It is prob-
able that the rhyolite flows had originally a much greater extension
than they now possess, having been cut away by erosion. The masses
that remain are generally of great thickness in proportion to their size,
and are remnants filling old erosion hollows. They grade from holo-
crystalline rocks, practically the same in structure, texture, and mineral
composition as the intrusive quartz-porphyries, through semicrystalline
forms having spherulites, flow structures, etc., to glassy pitchstones.
These variations occur at times in the same mass. In appearance they
are reddish to gray colored, at times nearly white, usually very dense,
with conchoidal fracture. Ocecasional small erystals of quartz and
feldspar may be seen as phenocrysts. They are often extensively
jointed so that the talus slopes resulting from their denudation are
composed of small angular fragments.

The greatest mass of rhyolite which has been found in any one place
is that which occurs northeast of Fourmile Creek, opposite that por-
tion of the stream where several branches from the south flow into it.
This mass has great thickness. Near the stream it rests upon rhyolitic
breceias which are perhaps 75 feet thick, and from this point it rises to
the summit of the hill, 1,000 feet above the stream. The breccias
upon which it rests are greatly indurated and have a massive appear-
ance and jointing. The rhyolite itself varies from place to place in its
texture and crystallization. Half way up the hill the rock has a beau-
tiful, pronounced flow structure, dark-gray or black lines in a lavender-
colored rock, showing that the plane of flowage dipped at 60° away
from the mountain. Near the top of the hill the rock becomes dense.
and massive and no appearance of flow structure is to be seen. The
mass extends down the slopes toward the north until its outcrops are
lost in glacial drift and the débris of rhyolitic breceias. In places mas-
ses of a more coarsely crystalline texture occur, and these are appar-
ently of a similar nature to t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>